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PREFACE 


This is one of a series of Rate Training Manuals designed to provide 
enlisted men with background information that will be useful in prepara¬ 
tion for advancement in rating, and necessary in the proper performance 
of their duties. This course was written to serve as an aid for enlisted 
men of the U.S. Navy and the U. S. Naval Reserve who are preparing 
for advancement to Gunner's Mate (Guns) 3 and Gunner's Mate (Guns) 2. 
Appropriate sections of the Manual of Qualifications for Advancement, 
NavPers 18068-B (Change 5), were used as a guide in selecting the 
contents of this text. 

This book was prepared for the Bureau of Naval Personnel by the 
Training Publications Division, Naval Personnel Program Support 
Activity, Washington, D.C. Technical assistance was provided by the 
Gunner's Mates School, Great Lakes, Illinois; the Naval Examining 
Center, Great Lakes, Illinois; and the Naval Ordnance System Command 
(NAVORD-0453) Washington, D. C. 


First Edition - 1964 
Reprinted with Corrections - 1966 
1970 Edition 


Stock Ordering No. 
0500-062-1010 
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THE UNITED STATES NAVY 

GUARDIAN OF OUR COUNTRY 

The United States Navy is responsible for maintaining control of the sea 
and is a ready force on watch at home and overseas, capable of strong 
action to preserve the peace or of instant offensive action to win in war. 

It is upon the maintenance of this control that our country’s glorious 
future depends; the United States Navy exists to make it so. 


WE SERVE WITH HONOR 

Tradition, valor, and victory are the Navy’s heritage from the past. To 
these may be added dedication, discipline, and vigilance as the watchwords 
of the present and the future. 

At home or on distant stations we serve with pride, confident in the respect 
of our country, our shipmates, and our families. 

Our responsibilities sober us; our adversities strengthen us. 

Service to God and Country is our special privilege. We serve with honor. 

THE FUTURE OF THE NAVY 

The Navy will always employ new weapons, new techniques, and 
greater power to protect and defend the United States on the sea, under 
the sea, and in the air. 

Now and in the future, control of the sea gives the United States her 
greatest advantage for the maintenance of peace and for victory in war. 

Mobility, surprise, dispersal, and offensive power are the keynotes of 
the new Navy. The roots of the Navy lie in a strong belief in the 
future, in continued dedication to our tasks, and in reflection on our 
heritage from the past. 

Never have our opportunities and our responsibilities been greater. 
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CHAPTER 1 


THE GUNNER’S MATE G RATING 


This training manual has been prepared for 
men of the Navy and of the Naval Reserve who 
are studying for advancement to Gunner's Mate 
(G) 3/2. The Gunner's Mate qualifications used 
as a guide in the preparation of this training 
manual are those contained in Revision B of the 
Manual of Qualifications for Advancement, NAV- 
PERS 18068. A list of the qualifications per¬ 
taining to your rate is not reproduced in this 
course. We suggest that you study the latest 
changes and revisions listed in NAVPERS 18068 
to get an idea of the scope of the skills and 
knowledge you must have to advance in rating. 
This chapter provides introductory information 
that will help you study this chapter carefully 
before beginning intensive study of the remain¬ 
der of this rate training manual. 


THE ENLISTED RATING 
STRUCTURE 

The two main types of ratings in the present 
enlisted rating structure are general ratings and 
service ratings. 

GENERAL RATINGS identify broad occupa¬ 
tional fields of related duties and functions. 
Some general ratings include service ratings; 
others do not. Both Regular Navy and Naval 
Reserve personnel may hold general ratings. 

SERVICE RATINGS identify subdivisions or 
specialties within a general rating. Although 
service ratings can exist at any petty officer 
level, they are most common at the P03 and P02 
levels. Both Regular Navy and Naval Reserve 
personnel may hold service ratings. 

THE GUNNER'S MATE RATING 

The rating abbreviation for Gunner's Mates 
is GM. This denotes the general rating to which 
all Gunner's Mates belong. The Gunner's Mate 
rating covers many areas in the ordnance field. 


The scope of the general GM rating includes the 
operation, maintenance and repair of, guided 
missile launching systems, rocket launchers, gun 
mounts, turrets, projectors, small arms, ma- 
chineguns, and nuclear weapons. The GM has to 
be able to make detailed electrical, electronic, 
hydraulic and mechanical systems and servo- 
systems casualty analyses. He must supervise 
personnel in handling and stowing all types of 
ammunition, missiles, and rockets. He must be 
able to maintain ammunition handling equipment, 
inspect and maintain magazine sprinkler systems 
and maintain, missile, rocket, projector and gun 
ammunition magazines. In fact, in order for GM 
to perform all of the jobs included in his rating, 
he must become a jack-of-all-trades. Within the 
past five years many new and more complex 
weapons systems have been under development. 
The skills and technical knowledge demanded 
of the GM has increased accordingly, including 
more extensive knowledge of electrical and hy¬ 
draulic systems, missile electronics, automatic 
gun systems and nuclear weapon systems the GM 
general rating was separated into three service 
ratings GMG, GMM and GMT. 


The Gunner's Mate G (Guns), GMG, rating 
includes the duties of operating, repairing and 
maintaining all types of guns, rocket launchers, 
ASROC launching groups, some types of mis¬ 
sile launchers, and their associated magazines 
and ammunition and/or handling equipment. 

The Gunner's Mate M (Missiles),GMM, rating 
includes the duties involved in maintaining, test¬ 
ing, and firing missiles such as Tartar, Terrier, 
and Talos and caring for their associated launching 
equipment and magazines. 

The Gunner's Mate T (Technician), GMT 
rating has the responsibility of maintaining, 
stowing, repairing and adjusting all types of 
nuclear weapons, including nuclear warheads. 
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RATING SEPARATION 

The three service ratings remain separate 
through pay grade E-7, at which time GMG and 
GMM are combined into the general rating of 
Gunner’s Mate (GM) (GMCS and GMCM). 

This means that the E-7 GMG and the E-7 
GMM must prepare to be examined on qualifi¬ 
cations for both service ratings. 

Because of the many different and highly 
complex weapons now in service in the fleet the 
GMG rating is subdivided into classes, each 
class being assigned a code number. The pur¬ 
pose of code numbers are to identify personnel 
having specialized training in a specific weapon 
system. Code numbers, called NEC's (Navy 
Enlisted Classification) are awarded to personnel 
who have either successfully completed a class 
"C" GM school course or have complied with the 
applicable requirements related to a specific 
gun/missile system. The Manual of Navy Enlisted 
Classifications, NAVPERS 15105, lists the ap¬ 
plicable requirements necessary to obtain an 
NEC number. 


GM(G) BILETS 

The GM(G) is a seagoing rate. Each ship, 
regardless of its purpose, supports some type 
of weapon system. In order for a weapon system 
to function properly the Navy needs good Gun¬ 
ner's Mates. In order to be a good Gunner's 
Mate you must have a lot of sea time. As a 
Gunner's Mate you could be assigned to any 
weapon aboard any type ship, except submarines. 
Most of the billets for the GMG rate are on 
combat ships, ranging from destroyers to attack 
aircraft carriers. 

A billet, as you know, is the place or job to 
which you are assigned. We can't list here all 
the possible billets to which you may be as¬ 
signed as a GM(G) 3 or 2, but we can give some 
examples. On a combat ship, you will normal¬ 
ly be assigned to one of the gun batteries. In 
most cases you will be an assistant who will 
work under the supervision of a more senior 
petty officer. If you are a striker, he will 
supervise your work closely. If you are a third 
class, supervision will be less strict, and you 
will be allowed to show more initiative in per¬ 
forming your job. As a second class GM(G) you 
will have an increasing responsibility for the 
supervision of others. 

As a second class GM(G) on a destroyer, you 
might be in charge of one of the gun mounts. 


Your job would include supervision of its crew, 
as well as correlation of your mount with the 
others in the battery. On a destroyer or es¬ 
cort, either a GM(G) 3 or GM(G) 2 may be in 
charge of the rocket launchers. Or you may be 
put in charge of the ship's small arms and land¬ 
ing force equipment. Although depth charge racks 
and launchers are normally operated by Tor¬ 
pedoman's Mates, GM(G) strikers or third class 
may be assigned to help with this duty. Aboard 
a carrier. Gunner's Mates (G) have respon¬ 
sibility for the ship's magazines. There your 
duties might include maintenance of the sprinkler 
system, temperature controls, and so on. 

Besides your occupational or professional 
duties you will have certain military duties, as 
do personnel of all ratings in the Navy. These 
military duties include manning battle stations, 
watch standing, and other assignments related 
to the requirements for naval operations, manage¬ 
ment, and security. This course is concerned with 
your professional (technical) duties —NOT your 
military duties. 

YOUR PART IN 
NAVAL LEADERSHIP 

The Navy and Marine Corps have a continu¬ 
ing program of moral leadership and character 
education, to ensure that naval leadership is 
maintained at a consistently high level. The Navy 
stresses moral responsibility and personal ex¬ 
ample. 

As a petty officer you will have an important 
practical part to play in your shipboard leader¬ 
ship program. You may take charge of a group 
of strikers. This will put you in a position of 
leadership. You will have two responsibilities 
— to accomplish a mission and to take care of 
your men. The general principles and tech¬ 
niques of leadership are fully discussed in 
Military Requirements for PO 3 & 2, NavPers 
10056. 

Let's now do a little thinking about how you 
should function as a leader. 

Let's assume that your mission is to maintain 
a gun mount, and that you have a group of strikers 
to assist you. A big part of your job is to learn 
everything you can about the mount and to pass 
on your knowledge to your men. Technical com¬ 
petence is a major aspect of good leadership. 
But being a skilled technician is not enough. 
You must inspire your strikers to do their work 
as efficiently as possible. 

A characteristic of the American fighting man 
is that he wants to know why he is called on to 
perform certain tasks. You must explain to your 
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strikers the importance of their work, and show 
them how it affects the overall fighting efficiency 
of your ship. If you try, you can give dignity 
to even the smallest mechanical task. During 
exercises or drills, make your men Teel that 
they are preparing to win a war, not just turning 
knobs on equipment. Remember that these are the 
men who may be fighting at your side in combat. 
If you lead them with courage, spirit, and intel¬ 
ligence, they will fight as willingly and as effect¬ 
ively as any men in the world. But it is up to you 
to provide the inspiration they need. 

To inspire your stikers, and others, you 
must have a strong moral character. Some of 
the character traits you can develop by consci¬ 
entious study and practice are loyalty, integ¬ 
rity, and quiet self-confidence. 

Loyalty is one of the most essential factors 
of leadership. Experienced officers and petty 
officers say that they would rather have a loyal 
man who is not an excellent worker than a dis¬ 
loyal man who does excellent work. Loyalty to 
your country, to the Navy, to your ship, to 
your division, to your chief, to your senior petty 
officer, and to the men who work with and for 
you —these are the prime requisites of leader¬ 
ship. The surest way to get the respect and 
loyalty of your men is to be loyal yourself. 

Every time you feel the urge to criticize the 
handling of yoiir ship's affairs, stop short. You 
are part, and an important part, of your ship. 
How can you expect your strikers to be loyal if 
you are not? 

Deal with your men squarely and honestly. 
If you do, you will win and hold their respect. 
Be dependable. This mark of integrity involves 
keeping priomises promptly. A reputation for 
being a "square-shooter" is worth every effort 
on your part. Help to build this reputation for 
not tolerating "gun-decking" or other methods 
of falsifying reports. 

Good leaders have a quite self-confidence 
(not an arrogant or cocky manner) based on 
thorough knowledge of the job and a belief in 
their own ability. Confidence begets confidence. 
If you have confidence in yourself, you can in¬ 
spire confidence in your men. 

You will find, or perhaps already know, that 
as a Gunner's Mate you will be chosen to lead 
or take charge of many military functions. The 
Gunner's Mate earned the reputation years ago 
as being a good military man —a good leader. 
In today's Navy, he still holds this reputation 
as he follows the examples of those before 
him — as others will follow you. 


ADVANCEMENT 

Some of the rewards of advancement are easy 
to see. You get more pay. Your job assignments 
become more interesting and more challenging. 
You are regarded with greater respect by officers 
and enlisted personnel. You enjoy the satisfaction 
of getting ahead in your chosen Navy career. 

But the advantages of advancement are not 
yours alone. The Navy also profits. Highly trained 
personnel are essential to the functioning of the 
Navy. By each advancement, you increase your 
value to the Navy in two ways. First, you become 
more valuable as a specialist in your own rating. 
And second, you become more valuable as a per¬ 
son who can train others and thus make far- 
reaching contributions to the entire Navy. 

HOW TO QUALIFY 
FOR ADVANCEMENT 

What must you do to qualify for advancement? 
The requirements may change from time to time, 
but usually you must: 

1. Have a certain amount of time in your 
present grade. 

2. Complete the required military and oc¬ 
cupational training courses. 

3. Demonstrate your ability to perform all the 
PRACTICAL requirements for advancement by 
completing the Record of Practical Factors, 
NavPers 1414/1. In some cases the Record of 
Practical Factors may contain the old form 
number, NavPers 760. 

4. Be recommended by your commanding 
officer, after the petty officers and officers 
supervising your work have indicated that they 
consider you capable of performing the duties 
of the next higher rate. 

5. Demonstarte your KNOWLEDGE bypassing 
written examinations on the occupational and 
military qualification standards for advancement. 

Some of these general requirements may be 
modified in certain ways. Figure 1-1 gives a 
more detailed view of the requirements for 
advancement of active duty personnel; figure 
1-2 gives this information for inactive duty 
personnel. 

Remember that the qualifications for ad¬ 
vancement can change. Check with your division 
officer or training officer to be sure that you 
know the most recent qualifications. 
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iftE3 #E4 

REQUIREMENTS * El to E2 E2 to E3 %' E4 £5 


4 mos. 
service— 



t E6 toE7 f E7 to E8 t E8 to E9 



SCHOOL 


PRACTICAL 

FACTORS 


PERFORMANCE 

TEST 


ENLISTED 

PERFORMANCE 

EVALUATION 


EXAMINATIONS 


RATE 

TRAINING 

MANUAL 

(INCLUDING 

MILITARY 

REQUIREMENTS) 



comple¬ 
tion of 
recruit 
training. 



As used by CO 
when approving 
advancement. 


Records of Practical Factors, NavPers 1414/1, must be 
completed for E-3 and all PO advancements. 


Specified ratings must complete 
applicable performance tests be¬ 
fore taking examinations. 


Counts toward performance factor credit in ad¬ 
vancement multiple. 



Loca,,y See 
prepared 

tests. be< 


See Navy-wide examinations required 
below, for all PO advancements. 



Required for E-3 and all PO advancements 
unless waived because of school comple¬ 
tion, but need not be repeated if identical 
course has already been completed. See 
NavPers 10052 (current edition). 


Navy-wide, 
selection board. 


Correspondence 
courses and 
recommended 
reading. See 
NavPers 10052 
(current edition). 


AUTHORIZATION 


Commanding 

Officer 


U.S. Naval Examining 
Center 


Bureau of Naval Personnel 


* All advancements require commanding officer’s recommendation. 
t 1 year obligated service required for E-5 and E-6; 2 years for E-6, E-7, E-8 and E-9. 
# Military leadership exam required for E-4 and E-5. 

** For E-2 to E-3, NAVEXAMCEN exams or locally prepared tests may be used. 

Figure 1-1. —Active duty advancement requirements. 
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REQUIREMENTS* 

El to E2 

E2 to E3 

E3 to E4 

E4 to E5 

E5 to E6 

E6 to E7 

a 

E9 

TOTAL 

TIME 

IN 

GRADE 

4 mos. 

6 mos. 

15 mos. 

18 mos. 

24 mos. 

36 mos. 

36 mos. 

24 mos. 

TOTAL 

TRAINING 

DUTY IN 

GRADE t 

14 days 

14 days 

14 days 

14 days 

28 days 

42 days 

42 days 

28 days 

PERFORMANCE 

TESTS 

, 

Specified ratings must complete applicable 
performance tests before taking exami¬ 
nation. 

DRILL 

PARTICIPATION 

Satisfactory participation as a member of a drill unit. 

PRACTICAL FACTORS 
(INCLUDING MILITARY 
REQUIREMENTS) 

Record of Practical Factors, NavPers 1414/1, must be completed 
for all advancements. 

RATE TRAINING 

MANUAL (INCLUDING 

MILITARY REQUIRE¬ 
MENTS) 

Completion of applicable course or courses must be entered 
in service record. 

EXAMINATION 

Standard 

Exam 

Standard 

Exam 

or 

Rating 

Training. 

Standard Exam 
required for all PO 
Advancements. 

Standard Exam, 
Selection Board. 
Also pass Mil. 
Leadership 

Exam for E-4 
and E-5. 

AUTHORIZATION 

Commanding 

Officer 

U.S. Naval Examining 
Center 

Bureau of Naval 
Personnel 


* Recommendation by commanding officer required for all advancements. 
| Active duty periods may be substituted for training duty. 


Figure 1-2. — Inactive duty advancement requirements. 
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Advancement is not automatic. Even though you 
have met all the requirements, including passing 
the written examinations, you may not be able 
to "sew on the crow" or "add a stripe." The 
number of men in each rate and rating is con¬ 
trolled on a Navywide basis. Therefore, the 
number of men who may be advanced is limited 
by the number of vacancies that exist. When 
the number of men passing the examination 
exceeds the number of vacancies, some system 
must be used to determine which men may 
be advanced and which may not. The system 
used is the "final multiple" and is a combination 
of three types of advancement systems. 

Merit rating system 

Personnel testing system 

Longevity, or seniority, system 

The Navy's system provides credit for per¬ 
formance, knowledge, and seniority, and, while 
it cannot guarantee that any one person will be 
advanced, it does guarantee that all men within 
a particular rating will have equal advancement 
opportunity. 

The following factors are considered in com¬ 
puting the final multiple: 

Factor Maximum Credit 

Examination score 80 

Performance factor 

(Performance evaluation) 50 

Length of service (years x 1) 20 

Service in pay grade (years x 2) 20 

Medals and awards 15 

185 

All of the above information (except the ex¬ 
amination score) is submitted to the Naval Ex¬ 
amining Center with your examination answer 
sheet. After grading, the examination scores, 
for those passing, are added to the other fac¬ 
tors to arrive at the final multiple. A prece¬ 
dence list, which is based on final multiples, is 
then prepared for each pay grade within each 
rating. Advancement authorizations are then is¬ 
sued, beginning at the top of the list, for the 
number of men needed to fill the existing vac¬ 
ancies. 

HOW TO PREPARE 
FOR ADVANCEMENT 

What must you do to prepare for advancement? 
You must study the qualifications for advancement. 


work on the practical factors, study the required 
rate training manuals, and study other material 
that is required for advancement in your rating. 
To prepare for advancement, you will need to be 
familiar with (1) the Quals Manual, (2) the 
Record of Practical Factors, (3) a NavPers 
publication called Training Publication for Ad¬ 
vancement, NavPers 10052, and (4) applicable 
rate training manuals. The following sections 
describe them and give you some practical 
suggestions on how to use them in preparing for 
advancement. 

Quals Manual 

The Manual of Qualifications for Advance¬ 
ment, NavPers 18068B (with changes), gives the 
minimum occupational and military qualification 
standards for advancement to each pay grade with¬ 
in each rating. This manual is usually called the 
"Quals Manual," and the qualifications them¬ 
selves are often called "quals." the qualifi¬ 
cation standards are of two general types: (1) 
military qualification standards and (2) occupa¬ 
tional qualification standards. 

MILITARY STANDARDS are requirements that 
apply to all ratings rather than to any one par¬ 
ticular rating. Military requirements for ad¬ 
vancement to third class and second class petty 
officer rates deal with military conduct, naval 
organization, military justice, security, watch 
standing, and other subjects which are required 
of petty officers in all ratings. 

OCCUPATIONAL STANDARDS are require¬ 
ments that are directly related to the work of 
each rating. 

Both the military requirements and the occu¬ 
pational qualification standards are divided into 
subject matter groups; then, within each subject 
matter group, they are divided into PRACTICAL 
FACTORS and KNOWLEDGE FACTORS. Prac¬ 
tical factors are things you must be able to DO. 
Knowledge factors are things you must KNOW 
in order to perform the duties of your rating. 

In most subject matter areas, you will 
find both practical factor and knowledge factor 
qualifications. In some subject matter areas, 
you may find only one or the other. It is im¬ 
portant to remember that there are some knowl¬ 
edge aspects to all practical factors, and some 
practical aspects to most knowledge factors. 
Therefore, even if the Quals Manual indicates 
that there are no knowledge factors for a given 
subject matter area, you may still expect to find 
examination questions dealing with the knowledge 
aspects of the practical factors listed in that 
subject matter area. 
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You are required to pass a Navywide mili¬ 
tary/leadership examination for E-4 or E-5, as 
appropriate, before you take the occupational ex¬ 
aminations. The military/leadership examina¬ 
tions are administered on a schedule determined 
by your commanding officer. Candidates are 
required to pass the applicable military/leader¬ 
ship examination only once. Each of these ex¬ 
aminations consists of 100 questions based on 
information contained in Military Requirements 
for Petty Officers 3 and 2, NavPers 10056 
(current edition) and in other publications listed 
in Training Publications for Advancement, Nav¬ 
Pers 10052 (current edition). 

The Navywide occupational examinations for 
pay grades E-4 and E-5 will contain 150 questions 
related to occupational areas of your rating. 

If you are working for advancement to second 
class, remember that you may be examined on 
third class qualifications as well as on second 
class qualifications. 

The Quals Manual is kept current by means of 
changes. The occupational qualifications for your 
rating which are covered in this training manual 
were current at the time the manual was printed. 
By the time you are studying this manual, however, 
the quals for your rating may have been changed. 
Never trust any set of quals until you have checked 
it against an UP-TO-DATE copy in the Quals 
Manual. 

Record of Practical Factors 

Before you can take the servicewide examina¬ 
tion for advancement, there must be an entry 
in your service record to show that you have 
qualified in the practical factors of both the 
military qualifications and the occupational qual¬ 
ifications. The RECORD OF PRACTICAL FAC¬ 
TORS, mentioned earlier, is used to keep a 
record of your practical factor qualifications. 
This form is available for each rating. The 
form lists all practical factors, both military and 
occupational. As you demonstarte your ability to 
perform each practical factor, appropriate entries 
are made in the DATE and INITIALS columns. 

Changes are made periodically to the Manual 
of Qualifications for Advancement, and revised 
forms of NavPers 1414/1 are provided when 
necessary. Extra space is allowed on the Record 
of Practical Factors for entering additional 
practical factors as they are published in changes 
to the Quals Manual. The Record of Practical 
Factors also provides space for recording dem¬ 
onstrated proficiency in skills which are within 
the general scope of the rating but which are not 


identified as minimum qualifications for ad¬ 
vancement. 

Until completed, the NavPers 1414/1 is usually 
held by your division officer; after completion, 
it is forwarded to the personnel office for inser¬ 
tion in your service record. If you are transferred 
before qualifying in all practical factors, the in¬ 
complete form should be forwarded with your 
service record to your next duty station. You 
can save yourself a lot of trouble by making 
sure that this form is actually inserted in your 
service record before you are transferred. If 
the form is not in your service record, you 
may be required to start all over again and 
requalify in the practical factors which have al¬ 
ready been checked off. 

NavPers 10052 

Training Publications for Advancement, Nav¬ 
Pers 10052 (revised), is a very important pub¬ 
lication for any enlisted person preparing for 
advancement. This bibliography lists required 
and recommended rate training manuals and other 
reference material to be used by personnel work¬ 
ing for advancement. 

NavPers 10052 is revised and issued once 
eacfi year by the Bureau of Naval Personnel. 
Each revised edition is identified by a letter 
following the NavPers number. When using this 
publication, be SURE that you have the most 
recent edition. 

If extensive changes in qualifications occur 
in any rating between the annual revisions of 
NavPers 10052, a supplementary list of study 
material may be issued in the form of a BuPers 
Notice. When you are preparing for advancement, 
check to see whether changes have been made in 
the qualifications for your rating. If changes have 
been made, see if a BuPers Notice has been 
issued to supplement NavPers 10052 for your 
rating. 

The required and recommended references 
are listed by pay grade in NavPers 10052. If 
you are working for advancement to third class, 
study the material that is listed for third class. 
If you are working for advancement to second 
class, study the material that is listed for second 
class; but remember that you are also respon¬ 
sible for the references listed at the third class 
level. 

In using NavPers 10052, you will notice that 
some rate training manuals are marked with an 
asterisk ( * ). This asterisk indicates a MAN¬ 
DATORY requirement thay may be satisfied 
in one of three ways: (1) passing the appropriate 
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enlisted correspondence course that is based on 
the indicated manual; (2) passing locally prepared 
tests based on the information given in the training 
manual; or (3) in some cases, successfully com¬ 
pleting an appropriate Class A course. 

Do not overlook the section of NavPers 10052 
which lists the required and recommended ref¬ 
erences relating to the military qualification 
standards for advancement. Personnel of ALL 
ratings must complete the mandatory military 
requirements for the appropriate rate level 
before they can be eligible to advance. 

The references in NavPers 10052 which are 
recommended but not mandatory should also be 
studied carefully. ALL references listed in 
NavPers 10052 may be used as source material 
for the written examinations, at the appropriate 
rate levels. 

Rate Training Manuals 

There are two general types of rate training 
manuals. RATING manuals (such as this one) 
are prepared for most enlisted ratings. A rating 
manual gives information that is directly related 
to the occupational qualifications of ONE rating. 
SUBJECT MATTER manuals or BASIC manuals 
give information that applies to more than one 
rating. 

Rate training manuals are revised from time 
to time to keep them up to date technically. The 
revision of a rate training manual is identified by 
a letter following the NAVPERS number. You can 
tell whether any particular copy of a training 
manual is the latest edition by checking the 
NavPers number and the letter following this 
number in the most recent edition of List of 
Training Manuals and Correspondence Courses, 
NavPers 10061. (NavPers 10061 is actually a 
catalog that lists all current training manuals 
and correspondence courses; you will find this 
catalog useful in planning your study program.) 

Each time a rate training manual is revised, it 
is brought into conformance with the official pub¬ 
lications and directives on which it is based; 
but during the life of any edition, discrepancies' 
between the manual and the official sources are 
almost certain to arise because of changes to 
the latter which are issued in the interim. In 
the performance of your duties, you should 
always refer to the appropriate official publi¬ 
cation or directive. If the official source is 
listed in NAVPERS 10052, the Naval Examining 
Center uses it as a source of questions in pre¬ 
paring the fleetwide examinations for advance¬ 
ment. In case of discrepancey between any 


publications listed in NAVPERS 10052 for a given 
rate, the Examining Center will use the most 
recent material. 

Rate training manuals are designed to help 
you prepare for advancement. The following 
suggestions may help you to make the best use 
of this manual and other Navy training publica- 
tins when you are preparing for advancement. 

1. Study the military qualifications and the 
occupational qualifications for your rating be¬ 
fore you study the training manual, and refer 
to the quals frequently as you study. Remember, 
you are studying the manual primarily in order 
to meet these quals. 

2. Set up a regular study plan. It will 
probably be easier for you to stick to a schedule 
if you can plan to study at the same time each 
day. If possible, schedule your studying for a time 
of day when you will not have too many inter¬ 
ruptions or distractions. 

3. Before you begin to study any part of the 
manual intensively, become familiar with the 
entire book. Read the preface and the table of 
contents. Check through the index. Look at the 
appendixes. Thumb through the book without 
any particular plan, looking at the illustrations 
and reading bits here and there as you see things 
that interest you. 

4. Look at the training manual in more detail, 
to see how it is organized. Look at the table of 
contents again. Then, chapter by chapter, read the 
introduction, the headings, and the subheadings. 
This will give you a pretty clear picture of the 
scope and content of the book. As you look 
through the book in this way, ask yourself some 
questions: 

• What do I need to learn about this? 

• What do I already know about this? 

• How is this information related to infor¬ 

mation given in other chapters? 

• How is this information related to the 
qualifications for advancement? 

5. When you have a general idea of what 
is in the training manual and how it is organized, 
fill in the details by intensive study. In each study 
period, try to cover a complete unit — it may be 
a chapter, a section of a chapter, or a subsection. 
The amount of material that you can cover at 
one time will vary. If you know the subject well, 
or if the material is easy, you can cover quite 
a lot at one time. Difficult or unfamiliar material 
will require more study time. 
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6. In studying any one unit—chapter, section, 
or subsection—write down the questions that 
occur to you. Many people find it helpful to make 
a written outline of the unit as they study, or at 
least to write down the most important ideas. 

7. As you study, relate the information in 
the training manual to the knowledge you already 
have. When you read about a process, a skill, 
or a situation, try to see how this information 
ties in with your own past experience. 

8. When you have finished studying a unit, 
take time out to see what you have learned. Look 
back over your notes and questions. Maybe some 
of your questions have been answered, but per¬ 
haps you still have some that are not answered. 
Without looking at the training manual, write down 
the main ideas that you have gotten from studying 
this unit. Don't just quote the book. If you can't 
give these ideas in your own words, the chances 
are that you have not really mastered the infor¬ 
mation. 

9. Use enlisted correspondence courses 
whenever you can. The correspondence courses 
are based on rate training manuals or on other 
appropriate texts. As mentioned before, com¬ 
pletion of a mandatory rate training manual can 
be accomplished by passing an enlisted cor¬ 
respondence course based on the rate training 
manual. You will probably find it helpful to take 
other correspondence courses, as well as those 
based on mandatory manuals. Taking a correspon¬ 
dence course helps you to master the information 
given in the training manual, and also helps you 
see how much you have learned. 

10. Think of your future as you study rate 
training manuals. You are working for advance¬ 
ment to third class or second class right now, 
but some day you will be working toward higher 
rates. Anything extra that you can learn now 
will help you both now and later. 


SOURCES OF INFORMATION 

Besides training manuals, NavPers 10052 lists 
official publications on which you may be ex¬ 
amined. You should not only study the sections 
required, but should become as familiar as possi¬ 
ble with all publications you use. 

One of the most useful things you can learn 
about a subject is how to find out more about it. 


No single publication can give you all the infor¬ 
mation you need to perform the duties of your 
rating. You should learn where to look for acc¬ 
urate, authoritative, up-to-date information on all 
subjects related to the military requirements for 
advancement and the occupational qualifications 
of your rating. 

PUBLICATIONS 
YOU SHOULD KNOW 

Chapter 14 and 15 of this training manual dis¬ 
cusses most of the publications you will use. 
The detailed information you need for advance¬ 
ment and for everyday work is contained in them. 
Some are subject to change or revision from time- 
to time —some at regular intervals, others as 
the need arises. When using any publication 
that is subject to change or revision, be sure 
that you have the latest edition. When using any 
publication that is kept current by means of 
changes, be sure you have a copy in which all 
official changes have been made. Studying can¬ 
celed or obsolete information will not help you 
to do your work or to advance; it is likely to be 
a waste of time, and may even be seriously 
misleading. 

NOTE: During the writing of this rate training 
manual a proposed revision to the Manual of 
Qualifications for Advancement, NavPers 18068-B 
was released by the Chief of Naval Personnel. 
A new section on Security was added to the 
qualification for the GMG rate. Information on 
Security is found in Security Manual For Clas¬ 
sified Information OPNAV instruction 5510.1C. 
The revised qualifications, change 5, is due to be 
distributed Navywide in June 1970. Most of the 
changes to the quals are covered in this rate 
training manual. Other information for preparing 
for advancement is listed in a bibliography list 
NavPers 10052, this list lists the necessary re¬ 
quired and recommended reading material to be 
used for working for advancement and reflects 
change 5 to the Quals Manual. 

TRAINING FILMS 

Training films available to naval personnel are 
a valuable source of supplementary information 
on many technical subjects. Films that may be 
of interest are listed in the United States Navy 
Film Catalog, NavWeps 10-1-777, published in 
1966. This catalog is now listed in the NAVSUP 
Forms and Publications Catalog, NAVSUP 2002, 
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as NAVAIR 10-1-777. Supplements to the Film 
Catalog carry the latter number. 

When selecting a film, note its date of issue 
listed in the Film Catalog. As you know, pro¬ 
cedures sometimes change rapidly. Thus some 


films become obsolete rapidly. If a film is ob¬ 
solete only in part, it may still have sections 
that are useful, but it is important to note pro¬ 
cedures that have changed. If there is any doubt, 
verify current procedures by looking them up in 
the appropriate source. 
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CHAPTER 2 


EXPLOSIVES AND PYROTECHNICS 


In this chapter we take up the raw material 
of explosives and pyrotechnics. We discuss what 
the term explosives means; next we explain the 
characteristics of explosives; and then we go into 
some details of various explosives and pyro¬ 
technics used in Navy weapons. 


EXPLOSIVES 

To understand the composition and function 
of a complete round of ammunition, a basic 
knowledge of the characteristics and uses of 
military explosives is necessary. The demands 
for ammunition capable of fulfilling the many 
requirements of the Navy necessitates the em¬ 
ployment of several kinds of explosives. Each 
explosive performs in a specific manner. Thus, 
the explosive used to burst a forged steel pro¬ 
jectile would not only be unsuitable for ejecting 
and propelling projectiles and missiles, but also 
would be highly dangerous. Similarly, the explo¬ 
sive used in initiators, such as in primers and 
fuzes, are so sensitive to shock that, only small 
quantities can be used safely. 

Personnel not familiar with ammunition, or 
untrained in its use and handling, are normally 
afraid of the possibility of an explosion. How¬ 
ever, when handled in accordance with the pre¬ 
scribed regulations, ammunition is relatively 
safe. Safety regulations are set forth in numerous 
publications such as U. S. Navy Regulations, Ord¬ 
nance Publications (OP'S), pertinent Instructions, 
etc. Many of the regulations and precautions 
embody the lessons learned as a result of 
actual disasters. They must be obeyed without 
exception and cannot be changed or disregarded. 

The OP 4, Ammunitions Afloat, defines the 
word explosives, if used without further qualifi¬ 
cation, as those substances or mixtures of sub¬ 
stances, which, when suitably initiated by flame, 
spark, heat, electricity, friction, impact, or 
similar means, undergo rapid chemical reaction 
resulting in the rapid release of energy. The 


release of energy is almost invariably accompan¬ 
ied by a rapid and pronounced rise in pressure. 
The rise in pressure usually, but not necessarily, 
is a consequence of the rapid generation of gas 
in much larger volume than that originally 
occupied by the explosive. Thus, the word ex¬ 
plosives when used in this broad sense includes 
propellants, high explosives, primary explo¬ 
sives, incendiary compositions, priming mix¬ 
tures, booster explosives, pyrotechnic composi¬ 
tions, dynamites, and others. 

An explosion is defined as a practically 
instantaneous and violent release of energy. 
It results from the sudden chemical change of 
a solid or liquid substance into gases. These 
gases, expanded by the heat of the chemical 
change, exert tremendous pressure on their 
container and surrounding atmosphere. 

CHARACTERISTICS 

The chief characteristic that distinguishes 
an explosion from ordinary combustion, such as 
the burning of coal, is the high velocity of the 
explosive reaction. 

Each explosive has different characteristics, 
that have been analyzed and studied in great 
detail by experts. In this text the characteristics 
with which we are mainly concerned are rate 
of detonation and sensitivity. 

Rate of Detonation 

The rate of detonation of an explosive is an 
important characteristic and may be defined as 
its burning speed. Some explosives burn slowly 
while others burn very rapidly. Explosives that 
burn very rapidly are said to detonate and are 
called high explosives. Explosives that burn 
slowly are called low explosives; however, they 
are slow only when compared with explosives 
that detonate. 

Although the word burning is used to de¬ 
scribe an explosion, the process is quite dif- 
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ferent from burning of the usual sort. Ordinary 
burning, such as the flame of a match, can only 
take place in air, or more exactly, in the 
presence of oxygen which constitutes 80 percent 
of air. Explosives and propellants are manu¬ 
factured so that the oxygen necessary for the 
burning is contained in the explosive proper 
in concentrated form. 

The reaction of an explosive depends con¬ 
siderably on conditions under which the explosion 
takes place. Factors affecting burning rate or 
velocity of detonation include size and shape of 
the explosive, temperature, moisture content, 
age, etc. An explosive that burns under one 
condition may detonate under other conditions. 
When a low explosive burns, it builds up pressure 
slowly and at a controllable rate, whereas, when 
a high explosive detonates, pressure is built up 
instantaneously. 

Sensitivity 

Sensitivity which is of great importance in 
military explosives may be defined as the ease 
with which an explosive can be detonated. Ex¬ 
plosives must be safe to handle and in some 
cases, able to withstand severe shock before the 
start of the chemical reaction or detonation. 
The strength of the impulse required to explode 
or set off an explosive may vary considerably. 
Some may be exploded by the slightest touch; 
others require a moderate blow or flame, and 
still others require a violent blow and cannot 
be exploded in the open by a flame. However, 
if a substance is so unstable as to react in re¬ 
sponse to a slight blow, friction, or pressure, 
it cannot have a practical application as a mili¬ 
tary explosive. 

It was once considered that the power of an 
explosive was measured by its sensitivity and 
that the most powerful explosives were quite 
sensitive. It has been found, however, that in¬ 
sensitive explosives can be produced which are 
also quite powerful, and that the safest explosives 
are those which, under ordinary circumstances, 
require a detonator to initiate the reaction. 

EXPLOSIVE TERMS 

Terms defined here are some that you must 
know in order to understand the following dis¬ 
cussions. 

High-order detonation: Complete detonations 
of a mass of high explosive at maximum rate. 

Low-order detonation: Incomplete detonation 
of a mass of high explosives, or one which 


progresses at a low rate of detonation. Causes 
of low-order detonations are improper initiation, 
improper confinement of the explosive, deteri¬ 
oration of component of the explosive mixture, 
poor contact between the steps of the explosive 
train (fuze, detonator, booster, etc.), low density 
of the shell filler (manufacturing defect), and 
exudation or oozing out of an oily liquid compon¬ 
ent of the explosive. The order of an explosion 
may be detected by the color of the smoke pro¬ 
duced: white or yellow smoke for low order and 
black smoke for high order. 

Brisance*. Shattering ability of a high ex¬ 
plosive. When it is desired that a projectile 
explode and scatter lethal fragments, an ex¬ 
plosive with high brisance is needed. Shatter 
ability depends more on rate of detonation than 
on strength, or power, which is measured by the 
quantity of heat or gas given off. The more 
brisant an explosive is, the weaker it is as a 
general rule. 

Stability: Ability of an explosive to remain 
unaffected by storage conditions. Some explosives 
(like smokeless powder) decompose with age, 
even under the best of conditions, and require 
frequent checking. 

Power: Rate of doing work. It is dependent on 
the velocity of detonation and strength. 

Strength: Ability to do work. It is the amount 
of energy liberated by the explosion. In military 
applications, strength is measured by the amount 
of material it can move or displace. 

Load density: Weight of the explosive per 
unit volume. A cast explosive has a high load 
density —you can put more of it in a given space 
than if it were in powder form. 

Hygroscopicity: Tendency of a material to 
absorb moisture. Because moisture reduces the 
sensitivity of an explosive, or affects it adversely 
in other ways, explosives must be protected 
from absorbing moisture in order to prevent 
deterioration. 

Blast: Shock wave (usually). 

Shock: Values of pressure, etc., at the front 
of the shock wave. Different targets, both above 
and below the surface, respond mainly to either 
the shock front or to the whole shock wave. 

CLASSIFICATION 

At one time, explosives were commonly 
divided into two categories, designated high 
explosives and low explosives. High explosives 
were those which could be made to detonate and 
whose use depended on this characteristic. Low 
explosives were those which could be made to 
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detonate only by application of very strong 
shocks, or not at all, and whose use depended 
on some other characteristic, usually that of 
burning in a rapid, controllable, and reproducible 
manner. This classification of explosives is no 
longer used in connection with strictly military 
applications. However, this classification has been 
retained in connection with commercial shipping 
regulations where a high explosive is defined as 
one which can be detonated by a commercial 
blasting cap, a low explosive as one which 
cannot. In military applications, the term high 
explosive is still used but with a somewhat dif¬ 
ferent meaning. Many of the explosives formerly 
called low explosives are now called propellants, 
but the term propellant is not synonymous with 
low explosive. 

Classification of explosives thus far has 
been based on characteristics. A more practical 
classification from the standpoint of the GM is 
based on their military use. These classifications 
are: 

1. Propellants. 

2. Initiators. 

3. Auxiliary charges. 

4. FiUer charges (main or burster). 

Propellants 

The primary function of a propellant is to 
provide pressure that, acting against an object 
to be propelled, will accelerate the object to the 
required velocity. This pressure must be so 
controlled that it will never exceed the strength 
of the container in which it is produced, such as 
guns, rocket motor housings, pyrotechnic pis¬ 
tols, line throwing guns, etc. In addition pro- 
peUants must be comparatively insensitive to 
shock. 

If the burning speed could be controlled, it 
would be possible to use any explosive for 
propellant purposes. Since this is impossible, 
low explosives are used exclusively for pro¬ 
pellants. 

Propellants may be either liquid or solid in 
form. Many solid propellants have a nitrocel¬ 
lulose base. Various organic and inorganic sub¬ 
stances are added to the nitrocellulose base during 
manufacture to give improved qualities for special 
purposes. 

Propellants are classified by such terms as 
single-base, double-base, and composite. Single¬ 
base, propellants include compositions that are 
principally gelatinized nitrocellulose and contain 
no high explosive ingredient such as nitrogly¬ 


cerin. Double-base propellants are mainly com¬ 
positions that are predominately nitrocellulose 
and nitroglycerin. Composite propellants are 
compositions that contain mixtures of fuel and 
inorganic oxidents but do not contain a signifi¬ 
cant amount of nitroceUulose or nitroglycerin. 
There are also combinations of composite and 
double-base propellants. 

Solid propellants are manufactured in the 
form of flakes, balls, sheets, cords, or perforated 
cylindrical grains. They are made in various 
shapes to obtain different types of burning actions. 
The cylindrical grains are made in various 
diameters and lengths, and with varying numbers 
of holes or perforations. (See fig. 2-1.) The 
different types of burning actions are degressive, 
neutral, and progressive. A propellant is said 
to be degressive burning when the surface area 
of the grains decrease as they burn. An example 
of a neutral burning grain is a single perforated 
grain whose inner surface increases and its outer 
surface decreases as it burns. The result of these 
two actions is that the total surface remains the 
same. As a multiperforated grain burns, its 
total burning area increases since it burns from 
the inside and outside at the same time. Thus, it 
is called progressive burning. 

There are six predominant propellants gen¬ 
erally used by the Navy at the present time. 
They are*. 

1. Black powder. 

2. Smokeless powder. 

3. Pyropowder. 

4. BaUistite. 

5. Cordite N (SPCG). 

6. Composites. 

Initiators 

As the term implies, initiators are used to 
initiate combustion of low explosives or to deto¬ 
nate high explosives. Depending upon their use 
they are called primers or detonators. The 
primary high explosives mentioned previously in 
this chapter are employed in initiators. When 
initiating explosives are acted upon by heat, 
impact, or friction they explode whether they are 
confined or not. They also differ considerably 
in sensitivity, brisance, and amount of heat given 
off. Currently used initiating explosives are 
mercury fulminate, lead azide, lead styphnate, 
tetracene, and diazodinitrophenol. 

PRIMERS. — A primer is a device used to 
initiate the burning of a propellant charge by 
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53.144 

Figure 2-1. —Shapes and forms of propellant grains. 


means of a flame. It consists of a small quantity 
of extremely sensitive high explosive. Usually, 
primers are classified in accordance with the 
method of initiation, such as percussion, electric, 
friction, chemical, etc. A percussion primer, 
upon being struck by the firing pin of a gun, 
will detonate and produce the flash of flame 
needed to ignite the propellent charge. All primers 
function in a similar manner when initiated. 
Primers may also be used to initiate detonators. 

DETONATORS.—Detonators are used in ini¬ 
tiating high explosive bursting charges as op¬ 
posed to propellants. They are similar to primers 
inasmuch as they also contain a small quantity 
of extremely sensitive high explosives. Deton¬ 
ators are also classified in accordance with the 
methods of initiation. 

Auxiliary Charges 

In many instances an intermediate or auxil¬ 
iary charge is needed between the initiator and 
the main charge of explosive to insure success¬ 


ful initiation. Thus, the principle of chain reac¬ 
tion is often used in setting off explosives and 
is called the explosive train. There are two main 
types of explosive trains, depending upon whether 
the main charge is a propellant or a bursting 
charge. Therefore, two types of auxiliaries are 
used which are called igniters and boosters. 

IGNITERS. — For a large propellant charge, 
the auxiliary is called an igniter. When the 
primer is set off, the flame from it ignites the 
charge in the igniter which produces enough 
flame to engulf the propellant. Thus, the ex¬ 
plosive train used with a propellant consists 
of a primer, an igniter, and a propellant charge. 
Explosives used in igniters are perchlorate 
pellets, black powder, and various other com¬ 
binations. 

BOOSTERS.— An auxiliary charge when used 
with a bursting charge is called a booster. It 
consists of a moderately sensitive high explo¬ 
sive to increase the shock of the detonator. 
They are necessary because of the relative 
insensitivity of the main charge used in some 
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projectiles. Explosives used in boosters are 
granular TNT, tetryl, PETN, and tetrytol. (NOTE: 
Explosives used as boosters in large projectiles 
may serve as bursting charges in smaller ones.) 

The basic high explosive train consists of the 
detonator, booster, and bursting charge. How¬ 
ever, high explosive trains are often compounded 
by the addition of auxiliary boosters, time delays, 
and primers. Such a train might be as follows— 
primer, delay pellet, detonator, booster, auxiliary 
booster, and main bursting charge. However, this 
example is the extreme, (See fig. 2-2.) 


to be served must be considered. For example, 
a filler charge used in a projectile must fulfill 
all of the foregoing conditions, whereas a mine 
or torpedo warhead filler need not be so insensi¬ 
tive as to withstand armor impact. However, 
for mines and torpedoes, the tendency of the 
filler not to absorb moisture and its maximum 
power would be the most important character¬ 
istics. 

Thus, compromises have to be made to a 
certain point, provided no safety factor require¬ 
ment is overlooked. 


Filler Charge 

The filler charge (bursting) for projectiles 
or various type bombs, mines, torpedo war¬ 
heads, and other bomb type ammunition is al¬ 
ways a high explosive. Filler substances must 
fulfill certain requirements for military use. 
In general, they must do the following: 

1. Be insensitive enough to withstand the 
shock of handling, of being fired from a gun, and 
of impact against armor. 

2. Have a maximum explosive power. 

3. Have stability to withstand adverse stor¬ 
age conditions. 

4. Produce proper fragmentation. 

5. Be inexpensive and easy to manufacture 
from readily available materials. 

The substance most nearly fulfilling all of 
these conditions might be considered the best 
filler explosive; however, the specific purpose 
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High explosive charges are loaded into their 
containers by one of three methods: cast-loaded, 
press-loaded, and extrusion. Cast loading is 
performed by pouring the substance as a liquid 
into a container and letting it solidify. Explo¬ 
sives having no liquid form must be press- 
loaded, or pressed into their container. The 
combining of certain explosives result in plastic 
mixtures that can be loaded only by the ex¬ 
trusion method. The extrusion method employs 
a pressure system for forcing the plastic mix¬ 
tures into the various types of projectiles and 
bomb castings. A simple analogy of the extrusion 
method is the use of a grease gun in forcing 
heavy grease into the joints of an automobile. 


SERVICE EXPLOSIVES 
AND THEIR USE 

Service explosives as used in the Navy are 
varied and are constantly undergoing changes. 
However, there are certain basic explosives 
that have become fairly standard throughout 
the Navy. A few of the more pertinent explosives 
and their uses are discussed in the following 
paragraphs. 

PROPELLANTS 

In this section some of the low explosives 
used by the Navy as propellant agents are dis¬ 
cussed. All of these propellants are solid sub¬ 
stances; each with specific properties and uses. 
The propellants discussed are black powder, 
smokeless powder, pyropowder, ballistite, and 
cordite N (SPCG). The latter three propellants 
are a form of smokeless powder. 

Black Powder 


53.153 

Figure 2-2. —Typical high explosive trains. 


Black powder, the oldest explosive known, is 
a uniform mechanical mixture of finely pulver- 
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ized proportions of: saltpeter (potassium nitrate 
or sodium nitrate) — 75 percent; charcoal—15 
percent; and sulfur—10 percent. Prior to the 
development of nitrocellulose propellants, black 
powder was the only propellant explosive avail¬ 
able. Potassium nitrate (or sodium nitrate) is 
currently used in most military black powders. 
It ignites spontaneously at about 300° C (572° F) 
and develops a fairly high temperature of com¬ 
bustion (2300° to 3800° C) which causes erosion 
in the bore of weapons. Black powder is usually 
in the form of small, black grains that are 
polished by glazing with graphite. It is hygro¬ 
scopic and subject to rapid deterioration when 
exposed to moisture. If kept dry, it retains its 
explosive properties indefinitely. It is one of 
the most dangerous explosives to handle because 
of the ease with which it may be ignited by heat, 
friction, or sparks. 

Although black powder has been replaced by 
single-base, double-base, and composite pro¬ 
pellants, it is used by the Navy for the following 
purposes: 

1. Delay elements in fuzes. 

2. Igniters (in large-caliber gun ammunition 
and jet propulsion units). 

3. Impulse charges for surface torpedo tubes 
and depth-charge projectors. 

4. Saluting charges and pyrotechnics. 

CAUTION: Black powder is particularly sen¬ 
sitive to shock, friction, heat, flame, or spark. 
It is the most dangerous explosive in service 
use and must be handled with extreme caution. 

Smokeless Powder 

The first smokeless powder was made by a 
Major Schultze, of the Prussian Artillery in 
1864. It was made of nitrated wood impregnated 
with saltpeter. The basic component of modern 
smokeless powder is vegetable fiber (generally 
cotton), nitrated, purified, mixed with ether and 
alcohol, molded into grains and dried. The re¬ 
sulting powder is a low explosive which will 
burn instead of detonate. 

Smokeless powder is used almost exclusively 
as the propellant for gun and rocket ammunition. 
The powder is generally considered to be of 
three types: single-base, double-base, and multi¬ 
base powder. Pyropowder ballistite, and cordite 
N, respectively, are examples of each. 

Smokeless powder is obviously a more effect¬ 
ive propellant than black powder, and is far 


less sensitive, tricky, and dangerous to handle. 
It has the following characteristics: 

1. Burns evenly. 

2. Noncorrosive; it does not react to metals. 

3. Gives off large quantities of gas during 
burning, which is highly desirable in a pro¬ 
pellant. 

4. Leaves little residue or ash. 

5. Is somewhat hygroscopic and tends to de¬ 
teriorate as it becomes moist. 

There are certain volatile ingredients in 
smokeless powder which tend to evaporate when 
the powder is exposed. It must be stored in 
airtight, moisture-proof containers. Powder mag¬ 
azines should therefore be checked daily, for 
condition of powder containers, for maintenance 
of proper temperature (below 90° F — ideal stor¬ 
age temperature is 60° F), and for evidences 
of deterioration of powder. 

Other recent developments have resulted in 
several new classifications of smokeless powder; 
notabley, smokeless powder nonhygroscopic (NH) 
(which does not absorb water readily) and smoke¬ 
less powder flashless nonhygroscopic (FNH). 

PYROPOWDER. — Pyropowder is a single¬ 
base powder composed of cellulose obtained from 
highly purified cotton. The nitration process turns 
the cottom into an explosive compound which is 
called by various names—pyrocellulose, nitro¬ 
cellulose, or guncotton. 

Newly made pyropowder has a hard, horn¬ 
like finish and varies in color from a light 
ivory to a fairly dark brown. It tends to darken 
with age; however, this is not necessarily a sign 
of deterioration. Softness or mushiness is a sign 
of deterioration. 

Pyropowder is superior in almost every way 
to Black powder. Its relatively slow burning 
produces steady gas pressures that “follow 
through” on the projectile all the way through 
the gun bore. It is less sensitive to shock, 
flame, and moisture. It makes less smoke and 
flame and has far less tendency to leave un¬ 
burned residue to foul the gun bore. 

Excessive heat has an unfavorable influence 
upon the stability of smokeless powder. At 
temperatures below 60° F, the stability is not 
appreciably affected, but at temperatures above 
70° F, the rate of decomposition rises quickly. 
It becomes high at 90° F and dangerously high 
above 100° F. Precautions must therefore be 
taken to insure the maintenance of a uniformly 
low temperature in the magazines where it is 
stowed. 
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BALLISTITE. — Ballistite is a double-base 
powder used as a rocket propellant. It is com¬ 
posed of two explosive substances blended to¬ 
gether—60 percent nitrocellulose, 39 percent 
nitroglycerin, and 1 percent diphenylamine which 
acts as a stabilizer. It burns with a considerable 
amount of flash and smoke, and generates a great 
volume of gas. Ballistite burns progressively but 
at a slower rate than gunpowders. The rate of 
burning is dependent upon the composition and 
physical characteristics of the powder grain, 
the temperature of the powder grain before 
ignition, and the pressure during reaction. It 
is produced in various shapes to fit the rocket 
motor housing, and is ignited by the flash of 
a black powder charge which in turn is ignited 
electrically. Obvious disadvantages are the tell¬ 
tale flash and black smoke. 

Ballistite is less hygroscopic than single¬ 
base powders and is relatively insensitive to 
shock and friction. Its natural color is amber 
to gray-green to black. However, its color may 
be altered by the addition of coloring. 

One to four grains of ballistite propeUant 
are used as the propelling charge in a rocket 
motor. The grains are designed to burn at a 
uniform rate to provide a uniform thrust during 
burning. The cruciform grains are provided 
with suitable plastic inhibitor strips to main¬ 
tain a constant burning area or limit the burning 
area. The inhibitor strips are bonded to the 
grains. The star perforated and multiperforated 
propellant grains are inhibited with a plastic 
wrap, cemented as it is applied. 

CORDITE N (SPCG). —Cordite N is used as a 
propeUant in aircraft gun ammunition. Cordite 
N is a third type of smokeless powder often 
called SPCG. It differs in composition and color 
from pytopowder, which contains but one ex¬ 
plosive component, and is termed a triple-base 
powder. It actuaUy contains three main explosive 
components. These components are nitroguanidine 
55 percent, nitroceUulose or pyrocotton 19 per¬ 
cent, and nitroglycerin 18.7 percent. The re¬ 
maining 7.3 percent is a stabilizer, called carmite 
or ethyl centralite. Cordite N is cool burning with 
Httle smoke and no flash, and has a higher velocity 
or burning rate than baUistite. 

Cordite in its original form was developed 
by the British. This old type of cordite however, 
had a high burning temperature, which caused 
excessive erosion of the gun bore and chamber. 
Cordite N (SPCG) avoids this drawback because 
it contains a relatively large proportion of nitro¬ 
guanidine, a cool-burning explosive. This ingred¬ 


ient reduces the burning temperature to a value 
comparable to that of pyropowder. The SPCG is 
made in the same grain sizes and perforations 
as pyropowder, and gives similar performance 
balUsticaUy. In general, SPCG is handled and 
governed oy the same regulations as other smoke¬ 
less powder, except for the routine tests made to 
ascertain its condition. SPCG is chalkwhite and 
opaque when new, and yellows slightly with age. 
After prolonged deterioration, SPCG darkens to 
brown and tends to scale off. However, SPCG 
deteriorates at a much slower rate than di- 
phenylamine-stabilized powder. 

Other Smokeless Powders 
In Current Use 

SPD. Smokeless powder with the index des¬ 
ignation SPD consists of coUoided nitrocellulose 
and diphenylamine, which is the stabiUzer. This 
is the powder commonly known as “pyro” powder 
by the United States Navy and has been used in 
standard service ammunitiion. 

SPDN. Smokeless powder with the index des¬ 
ignation SPDN is composed of nitroceUulose 
and dinitrotoluene, to which is added dibutyl- 
phthalate to control the potential of the powder 
and to aid in plasticization. This composition 
also contains diphenylamine, which acts as the 
stabiUzer. 

SPDF. Smokeless powder with the index des¬ 
ignation SPDF is a modification of the basic 
composition of either SPD or SPDN made by the 
addition of a coolant or flash inhibitor, generaUy 
potassium sulfate. This combination of materials 
results in a flashless charge for the gun in 
which the powder is designed for use. SPDF 
powder is highly effective for fuU charges in 
5-inch and smaller guns and reduced charges in 
several major caliber guns. 

SPDB. A blend of stabiUzed SPD powder. 
The blend was originally devised to provide 
an index of ample size for a ship's service 
allowance but the letters are now assigned to a 
lot made to utiUze small remnants for service 
or target practice purposes. A blend of large- 
web and smaUer-web powder (of not too great 
difference) may be made to produce an equiv¬ 
alent intermediate web to satisfy desired balUs- 
tics. 

SPDE. Smokeless powder containing lead car¬ 
bonate for de-coppering purposes and otherwise 
similar to SPD powder. 

SPDW. Reworked powder made from ground 
stabiUzed SPD smokeless powder and regrained. 
It is generally used for target practice and re- 
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duced charges. Many indexes are satisfactory 
for service ammunition, and service stable life 
experienced with lots manufactured in recent 
years has not been much less than non-reworked 
powder. 

SPC. A recently perfected cool burning, sin¬ 
gle-base smokeless powder of special nitrated 
nitrocellulose containing centralite as a stabil¬ 
izer. 

SPC A. Smokeless powder of albanite type 
double-base containing DINA as a substitute for 
nitroglycerin and with centralite as a stabilizer. 
It is white in color and has not been extensively 
manufactured. 

SPCF. A single-base smokeless powder, sim¬ 
ilar to SPC powder, but containing ingredients 
added during manufacture to render the powder 
flashless. 

SPWF. Reworked flashless powder made from 
ground stabilized SPD smokeless powder to which 
certain compounds were added during remixing. 

INITIATING EXPLOSIVES 

The explosives used as initiating explosives 
are the primary high explosives mentioned prev¬ 
iously in this chapter. The high explosives are 
used in varying amounts in the different primers 
and detonators employed by the Navy, and there¬ 
fore differ considerably in sensitivity, brisance, 
and the amount of heat given off. The explosives 
discussed in this section are mercury fulminate, 
lead azide, lead styphnate, tetracene, and diaz- 
odinitrophenol (DDNP). 

Mercury Fulminate 

Mercury fulminate is a heavy, practically 
nonhygroscopic, crystalline solid. When dry it 
is very sensitive to heat, friction, spark, flame, 
or shock. The sensitivity is so great that 
accidents, especially in manufacture, are num¬ 
erous. When wet it is not exploded by a spark 
or by ordinary shock but wet fulminate may be 
detonated by the explosion of dry fulminate and 
other explosives. Mercury fulminate is soluble 
in pyridine, potassium cyanide, ammonia, con¬ 
centrated hydrochloric acid, sodium tiosulphate, 
hot alcohol, and only slightly soluble in water. 

Mercury fulminate does not react readily 
with metals. However, the free mercury, which 
is always present in it in small quantities, 
amalgamates with copper and brass, especially 
in the presence of moisture. Mercury fulminate 
detonates completely and with great violence on 
ignition by means of flame or by means of an 


electrically heated wire. Compared to high ex¬ 
plosives, it has lower power and brisance, a 
fact which is indicated by its velocity of deto¬ 
nation of 16,500 fps. Its color is white when 
pure, but ordinarily it has a faint brownish yellow 
or grayish tint. 

In primers, mercury fulminate may be mixed 
with other flame-producing materials, such as 
potassium chlorate and antimony sulfide. The 
melting point of mercury fulminate is much too 
high for it to be cast, and it is press-loaded 
into caps. It is usually compressed at pressures 
of approximately 3,000 to 10,000 psi. 

Mercury fulminate can be kept for long periods 
both dry and wet without appreciable change, 
provided it is properly manufactured and stored. 
However, when subjected to elevated temper¬ 
atures in either the wet or the dry state, gradual 
deterioration takes place and by the end of 3 years 
it may have become useless. 

Lead Azide 

Lead azide has a high ignition temperature 
and is less sensitive to shock and friction than 
mercury fulminate. The brisance of lead azide 
increases as the pressure applied to it increases. 
It is less brisant and has less explosive power 
than mercury fulminate. 

Lead azide is poisonous, slightly soluble in 
hot water and in alcohol, and highly soluble in a 
dilute solution of nitric or acetic acid in which 
a little sodium nitrate has been dissolved. Lead 
azide reacts with copper, zinc, cadmium, or 
alloys containing such metals, forming an azide 
which is more sensitive than the original lead 
azide. Lead azide does not react with alumi¬ 
num, and detonator capsules for lead azide are 
made of this metal. The hygroscopicity of lead 
azide is very low. Water does not reduce its 
impact sensitivity, as in the case with mercury 
fulminate. Ammonium acetate and sodium di¬ 
chromate are used to destroy small quantities 
of lead azide. Lead azide may be used where 
detonation is caused by flame or heat. The 
velocity of detonation is approximately 17,500 
fps. Its color varies from white to buff. Lead azide 
has been adopted as the detonator of major- 
caliber base detonating fuzes, or point detonating 
fuzes, and of auxiliary detonating fuzes. It is also 
used in priming mixtures. 

Lead azide is completely stable in storage 
even at elevated temperatures. 
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Lead Styphnate 

There are two forms of lead styphnate: the 
normal, which appears as six-sided monohydrate 
crystals; and the basic, which appears as small 
rectangular crystals. Lead styphnate is particu¬ 
larly sensitive to fire and the discharge of 
static electricity; when dry, styphnate can be 
readily ignited by static discharges from the 
human body. The longer and narrower the cryst¬ 
als, the more susceptible the material is to 
static electricity. Lead styphnate does not react 
with metals. It is less sensitive to shock and 
friction than mercury fulminate or lead azide. 
Lead styphnate is slightly soluble in water and 
methyl alcohol and may be neutralized by a 
solution of sodium carbonate. The velocity of 
detonation is approximately 17,200 fps. The 
color of lead styphnate varies from yellow to 
brown. Lead styphnate is used as a component in 
primer and detonator mixtures. It is stable in 
storage even at elevated temperatures. 

Tetracene 

Tetracene is a colorless or pale yellow ma¬ 
terial. It is soluble in strong hydrochloric acid 
but practically insoluble in alcohol, water, ben¬ 
zene, ether, and carbon tetrachloride. Tetra¬ 
cene is only slightly hygroscopic. It explodes 
readily from flame, producing a large amount of 
black smoke. Tetracene is slightly more sen¬ 
sitive to impact than mercury fulminate. The 
brisance of tetracene, if used alone, is greater 
when the tetracene is not compressed. Tetra¬ 
cene is more brisant when initiated by tetryl 
or mercury fulminate than when initiated by fire. 

When used as a detonator, tetracene is mixed 
with other initiating explosives to increase 
the sensitivity of the latter to flame or heat. 

Tetracene is stable at ordinary temperatures 
either in the wet or dry state. 

Di azodinitr ophenel 

Diazodinitrophenol (DDNP) is a yellowish 
brown powder. It is soluble in acetic acid, 
acetone, strong hydrochloric acid, and most of 
the solvents, but insoluble in water. A cold 
sodium hydroxide solution may be used to destroy 
it. DDNP is desensitized by immersion in water 
and does not react with it at normal temperatures. 
It is less sensitive to impact but more powerful 
than mercury fulminate and lead azide. The 
sensitivity of DDNP to friction is much less 


than that of mercury fulminate but approximately 
the same as that of lead azide. 

DDNP is used with other materials to form 
priming mixtures, particularly where a high 
sensitivity to flame or heat is desired. 

DDNP is stable in storage even at elevated 
temperatures. 

BOOSTER EXPLOSIVES 

The explosives used as booster explosives 
are less sensitive than the primary high ex¬ 
plosives which are employed in initiators, prim¬ 
ers, and detonators. However, they are generally 
more sensitive than those high explosives used 
as filler charges or bursting explosives. As 
high explosives used for booster purposes, they 
fall in the intermediate range of sensitivity. 
The explosives discussed in this section are 
tetryl, tetrytol, pentaerythritoltetr anitr ate 
(PETN), and granular TNT. 

Tetryl 

Tetryl is a derivative of methyl-aniline and 
is classified as a nitroaromatic compound. Tet¬ 
ryl is a fine crystalline material practically 
insoluble in water, but soluble in acetaone, am¬ 
monia, ether, carbon tetrachloride, and benzol. 
Tetryl melts at about 130° C. Heated above its 
melting point, it undergoes gradual decomposi¬ 
tion, and explodes when exposed to a tempera¬ 
ture of 60° C for 5 seconds. Tetryl will corrode 
steel when in the dry or moist state. It is 
practically nonhygroscopic (after proper drying), 
but moisture does interfere with its effective¬ 
ness. Tetryl is chemically stable at ordinary 
temperatures. It is more sensitive to shock or 
friction than TNT and more powerful than TNT. 
Tetryl is more sensitive to detonation by mer¬ 
cury fulminate or lead azide than TNT and is 
readily exploded by penetration of rifle bullet. 
Tetryl can be initiated from flame, friction, shock, 
or sparks; burns readily; and is quite likely to 
detonate if burned in large quantities. The velocity 
of detonation of tetryl is approximately 24,400 fps. 
When pure, tetryl is light yellow, but is usually 
gray after loading because of the graphite mixture 
used in the loading process. 

Tetryl is sensitive to mechanical shock, and 
is used as a booster charge between the ful¬ 
minate of mercury or lead azide detonators and 
the high explosive bursting charge. Tetryl is 
also used as a filler in small-caliber pro¬ 
jectiles. Tetryl is loaded in pellet form, the 
pellets being pressed after being mixed with 
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small quantities of graphite which serves to 
lubricate it while it is being pressed. 

Tetryl is poisonous when taken internally 
and causes dermatitis on contact with skin. 
Precautions are therefore necessary when hand¬ 
ling and packing the dry material. Special pre¬ 
cautions must be taken to prevent ignition or 
explosion by friction or blows resulting from 
rough handling. Tetryl should be kept dry and 
protected from high temperature and sparks. 

Tetrytol 

Tetrytol is a cast mixture of tetryl and TNT; 
70-30 is a frequent composition. It is designed 
to obtain a tetryl mixture that may be cast for 
boosters and demolition charges. 

Tetrytol possesses satisfactory storage prop¬ 
erties. It is slightly less powerful and less 
sensitive than tetryl. When dry, tetrytol will 
corrode aluminum to a slight extent. When 
moist, it will corrode copper, aluminum, brass, 
and steel. The melting point of tetrytol varies 
from 67° C to 116° C, depending on the compo¬ 
sition. It is soluble in acetone. The velocity of 
detonation is approximately 24,000 fps. The 
color is yellow. 

Tetrytol is used in burster tubes for chemi¬ 
cal bombs, in demolition blocks, and in cast 
shaped charges. It cannot be used where the 
loaded item is immersed in hot explosives, 
because it will be remelted by the heat and 
separation of the ingredients will result. It is 
approved for use in all other boosters. 

Pentaerythritoltetranitrate 

Pentaerythritoltetranitrate (PETN) is non- 
hygroscopic and possesses satisfactory storage 
properties. It is appreciably more sensitive to 
percussion and impact than tetryl and is, there¬ 
fore, not used alone as a booster. The PETN 
resembles RDX in its characteristics. It is 
somewhat more sensitive, but almost equal in 
power and brisance. The tendency of PETN to 
burn is much less marked than that of similar 
explosives. The melting point of PETN is 
141° C. Because Bulk PETN is considered as an 
initiating explosive by the Interstate Commerce 
Commission, it must be packed wet. The PETN 
corrodes brass slightly when wet. It is soluble 
in acetone and can be decomposed by a boiling 
solution of ferrous chloride. The velocity of 
detonation of PETN is approximately 26,000 
fps. The color of PETN is white. 


The main use of PETN alone, in the service, 
is in primacord. When used alone, PETN is 
combined with a small quantity of wax to de¬ 
sensitize and lubricate it, and it is loaded by 
pressing. It is important to know that PETN as 
loaded in primacord is very insensitive to flame, 
shock, and friction, and therefore must be det¬ 
onated by a cap. PETN is being used as a base 
charge in some compound detonators. 

Trinitrotoluene (TNT) 

TNT when in granular form, rather than 
crystalline form, is often used as a booster 
explosive. The detailed discussion of TNT is 
presented in the section on filler explosives 
since TNT is also used for that purpose. 

FILLER EXPLOSIVES 

There are several high explosives currently 
used by the Navy as fillers for bombs, torpedoes, 
mines, and shells. The principal explosives are 
TNT, RDX, and explosive D. These explosives 
when combined in various percentages and com¬ 
binations, produce numerous high explosives with 
varying degrees of sensitivity, brisance, rate 
of detonation, and other pertinent characteristics. 
The principal explosives and some of the more 
common derivative explosives are discussed in 
the following paragraphs. 

Trinitrotoluene 

Trinitrotoluene is a crystalline substance. The 
importance of trinitrotoluene as a military ex¬ 
plosive is based upon its relative safety in 
manufacture, loading, transportation, and stor¬ 
age, and upon its powerful, brisant, and explosive 
properties. Manufacturing yields are high and 
production relatively economical. Chemical 
names for TNT are trinitrotoluene and trinitrotol 
and other commercial names are Trilit, Tolite, 
Trinol, Trotyl, Tritolo, Tritone, Trotol, and 
Triton. 

It is toxic, odorless, comparatively stable, 
nonhygroscopic, and relatively insensitive. When 
pure it varies from white to pale yellow in color 
and is known as grade A TNT. When the pro¬ 
portion of impurities is much greater, the color 
is darker, often being brown, and is known as 
grade B TNT. It may be ignited by impact, 
friction, spark, shock, or heat. TNT does not 
form sensitive compounds with most metals. The 
melting point varies between 80.6° C for grade 
A (refined TNT) and 76° C for grade B (crude 
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TNT). TNT does not appear to be affected by 
acids but is affected by alkalies (lye, washing 
soda, etc.), becoming pink, red, or brown, and 
more sensitive. Like most other explosives, but 
to a greater extent, it is adversely affected by 
sunlight, becoming darker in color and deterio¬ 
rating in melting point and purity. It is practically 
insoluble in water, but soluble in alcohol, carbon 
tetrachloride, ether, benzene, carbon disulphide, 
acetone, and certain other solvents. The velocity 
of detonation is approximately 22,300 fps. 

TNT is readily melted and cast into bursting 
charges for projectiles, bombs, depth charges, 
warheads, mines, rocket heads, and so forth. 
Cast TNT is rather difficult to detonate. It 
usually requires a booster charge of refined, 
granular TNT or tetryl to insure complete high- 
order detonation. For fuzes and boosters, a re¬ 
fined, granular TNT is used. 

TNT is graded in accordance with Federal 
Specifications. At the present time, the following 
grades and forms of TNT are used in the Navy: 
recrystallized (purified crystals), granular grade 

A, flaked grade A, and granular grade B. Any 
of these grades may be melted and cast to be¬ 
come cast TNT, Grade A; or cast TNT, grade 

B. Due to improvement in manufacturing pro¬ 
cesses and greater ease and economy in producing 
grade A, little or no grade B TNT is now manu¬ 
factured. 

In a granular or crystalline form, and when 
unconfined, TNT burns freely and may bum with¬ 
out detonation. However, there are a few in¬ 
stances on record of large quantities detonating 
after having burned for a while. In the cast form 
it will almost invariably detonate in a fire. 
Thin-walled ammunition such as bombs, depth 
charges, mines, warheads, and similar ammuni¬ 
tion containing TNT bursting charges; containers 
of bulk TNT; and demolition charges are subject 
to sympathetic detonation or detonation en masse. 
This property makes it necessary to separate 
TNT storage from other types of explosive 
storage, especially fuzes and detonators, and 
from fire hazards which may initiate a detona¬ 
tion. Contrary to the beliefs of many, TNT is 
not so insensitive that it can be treated roughly 
with impunity. Instances are on record where 
small globules have been detonated by scraping 
them with a knife and where a pipe plugged 
with TNT detonated when hammered. 

Exudate has been known to separate from 
cast TNT. It may appear pale yellow to brown 
in color and vary in consistency from an oily 
liquid to a more viscous one. The amount and 
rate of seoaration depend primarily upon the 


purity of the TNT and secondarily upon the 
temperature of the storage place. Grade B 
(low-melting point) TNT may exude considerable 
liquid and generate some gas. This exudation 
is accelerated with an increase in temperature. 

Pure TNT will not exude, since exudate con¬ 
sists of impurities which have not been extracted 
in the refining process. Exudate is a mixture 
of lower melting isomers of TNT, nitrocom¬ 
pounds of toluol of a lower nitration, and possible 
nitrocompounds of other aromatic hydrocarbons 
and alcohols. It is flammable and has high sens¬ 
itivity to percussion when mixed with absorbents. 
Its presence does no appreciable harm to the 
stability, but somewhat reduces the explosive 
force of the main charge. In some ammunition 
an inert wax pad is used in the loading op¬ 
erations and in some cases this waxy material 
may ooze from the case. It should not be con¬ 
fused with the TNT exudate described above. 
This material should, however, be tested for 
TNT to confirm its actual composition. 

TNT exudate mixed with a combustible ma¬ 
terial, such as wood chips, sawdust, or cotton 
waste, will form a low explosive which is highly 
flammable and ignites easily from a small 
flame. It can be exploded in a manner similar 
to a low grade of dynamite, but the main danger 
is its fire hazard. Accumulation of exudate is 
considered a great risk, both explosive and 
fire, and should always be avoided by continual 
removal and disposal of the exudate as it occurs. 
Frequent inspection of all cast TNT ammunition 
should be made to see that exudate is not present. 

The exudate is soluble in acetone or alcohol. 
One of these solvents (taking care to provide 
adequate ventilation) or clean hot water should 
be used to facilitate removal and disposal of 
the exudate. Under no circumstances should soap 
or other alkaline preparations be used to remove 
this exudate, as the addition of a small amount 
of hydroxide, caustic soda, or potash will sens¬ 
itize TNT and cause it to explode if heated 
to 160° F. 

Amatol 

Amatol is not a manufactured product, but a 
mixture of melted TNT and ammonium nitrate 
made at the time of loading. The proportions 
vary from 40:60 to 80:20 ammonium nitrate and 
TNT, respectively. The power and brisance of 
amatol decrease with the increasing percent of 
nitrate, and its sensitivity decreases at the same 
time. 
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Amatol is relatively insensitive to friction 
but can be detonated by severe impact. It has the 
disadvantage of being hygroscopic and must be 
protected from moisture. Amatol has good stor¬ 
age properties if it is kept dry. When dry it will 
corrode steel very slightly; if moist, it will 
corrode copper alloys. The melting point of 
50:50 amatol is 81°C. The velocity of detonation 
of 50:50 amatol is approximately 19,700 fps. 
The color varies from buff to yellow. 

Amatol has been used mostly as a substitute 
for TNT. The 80:20 mixture of amatol cannot 
*e cast, since it is not fluid enough to pour even 
when TNT is molten, and therefore it is usually 
extended into the ammunition containers by a 
helical screw. 

Pentolite 

Pentolite is a cast mixture of TNT andPETN, 
usually 50:50. Pentolite has a melting point 
varying from 76 °C to 120°C. When dry, pen¬ 
tolite will corrode steel and zinc-plated ma¬ 
terials. When moist, it will corrode copper and 
brass very slightly. Pentolite is soluble in ace¬ 
tone, Its brisance and power are equivalent to 
those of composition B. It is not as stable as 
TNT in storage, and separation of PETN may 
occur. Effort should be made to keep it cool. 
Its sensitivity is such that it would be initiated 
if drilled. Therefore, where fuze cavities in 
shells must be drilled, the portions of explosive 
charge involved are poured with a 90:10 mix¬ 
ture of TNT and pentolite to reduce sensitivity. 
The velocity of detonation is approximately 
24,000 fps. The color is yellow to white. 

The chief uses of pentolite have been in 
small projectile loading, in grenades, and in 
cast shaped charges. It has a very high shaped 
charge efficiency. 

Tritonal 

Tritonal is composed of 80 percent TNT and 
20 percent aluminum powder. Tritonal is non- 
corrosive, toxic, and possesses satisfactory stor¬ 
age properties. Its melting point is 81°C, and it 
is soluble in acetone. Velocity of detonation is 
approximately 18,000 fps. The color is gray. 

Tritonal is used primarily in general purpose 
bombs where maximum blast effect is desired. 
Tritonal is cast, segregation of the aluminum 
being prevented by a pellet loading technique. 


Cyclonite 

Cyclonite is the most powerful and brisant of 
the military high explosives, and it is considered 
much too sensitive to be used alone. Cyclonite 
is used extensively in mixtures with other ex¬ 
plosives and inert ingredients which reduce the 
sensitivity but retain a very high brisance and 
power because of the RDX content. Other names 
for RDX are cyclotrimethylenetrinitr amine and 
hexogen. Cyclonite has excellent storage qualities 
but, because of its sensitivity, it must be shipped 
immersed in water like an initiating explosive. 
White in color, RDX is nonhygroscopic, melts 
at 202° C, and is not corrosive unless the acid 
content is high. Velocity of detonation is approxi¬ 
mately 28,000 fps. 

Incorporated with other explosives or inert 
material at the manufacturing plants, RDX forms 
the base for the following common military ex¬ 
plosives: composition A, composition B, com¬ 
position C, and HBX. 

Composition A 

Composition A is a wax-coated, granular ex¬ 
plosive, consisting of 88 to 91 percent RDX and 
12 to 9 percent plasticizing wax. The wax content 
is sufficient to desensitize the mixture and 
lubricate it enough to allow it to be pressed into 
projectiles. 

Composition A is not melted or cast. It is 
nonhygroscopic and possesses satisfactory stor¬ 
age properties. When dry, it may corrode slightly 
brass, and steel. When moist, composition A 
will corrode copper, brass, steel, and mag¬ 
nesium to a slight extent. The melting point 
of composition A varies from 200°C to 230‘C. 
It is soluble in phenol. Composition A is less 
sensitive than TNT in both the laboratory impact 
test and the bullet impact test. Composition A 
is appreciably more brisant and powerful than 
TNT as is indicated by its velocity of detonation 
of approximately 27,000 fps. Its color may be 
white or buff, depending upon the color of the 
wax used to coat the powdered RDX. 

Composition A is used as afiller in projectiles 
which contain a small burster cavity such as 
antiaircraft projectiles. Three varieties of com¬ 
position A have been developed, designated comp¬ 
osition A-l, A-2, and A-3. They can also be used 
as compressed fillers for medium-caliber pro¬ 
jectiles. 
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Composition B 

Composition B-l is a mixture of 59 percent 
RDX, 40 percent TNT, and 1 percent wax. Com¬ 
position B-2 is a mixture of 60 percent RDX and 
40 percent TNT. The TNT reduces the sensitivity 
of the RDX to a safe degree and lowers the melt¬ 
ing point, thereby allowing the material to be cast- 
loaded. 

Composition B might be detonated at low 
order by bullet impact. The total energy of 
blast in air of composition B is about 116 per¬ 
cent of that of TNT. Composition B is nonhygro- 
scopic and remains stable in stowage. The melting 
point of composition B varies from 81 °C to 
100°C. Composition B will slightly corrode steel, 
magnesium, copper, and copper alloys. It has 
an extremely high shaped charge efficiency. 
The velocity of detonation is approximately 24,500 
fps. Its color is yellow to brown. 

Composition B has been used as a more 
powerful replacement for TNT in loading some 
of the large size general-purpose bombs, frag¬ 
mentation bombs, rifle grenades, and some rock¬ 
et heads. It can be used where an explosive 
with more power and brisance is of tactical ad¬ 
vantage and there is no objection to a slight in¬ 
crease of sensitivity. 

Composition C 

Composition C-3 is one of the composition C 
series now in production but it is rapidly being 
replaced by C-4, especially for loading shaped 
charges. However, quantities of composition C-l 
and composition C-2 may be found in the field. 
Composition C-l is 88.3 percent RDX and 11.7 
percent plasticizing oil. Composition C-3 is 
77 percent RDX, 3 percent tetryl, 4 percent 
TNT, 1 percent Nitrocellulose, 5 percent MNT 
(mononitrotoluol), and 10 percent DNT (dini- 
trotoluol). The last two compounds, while they 
are explosives, are oily liquids and plasticize 
the mixture. The essential difference between 
composition C-3 and composition C-2 is the 
substitution of 3 percent tetryl for 3 percent 
RDX, which improves the plastic qualities. The 
changes were made in an effort to obtain a 
plastic, putty-like composition to meet the re¬ 
quirements of an ideal explosive for molded and 
shaped charges and that will maintain its plasticity 
over a wide range of temperature and not exude 
oil. 

Composition C-3 is about 1.35 times as 
powerful as TNT. The melting point of com¬ 
position C-3 is 68°C, and it is soluble in acetone. 


The velocity of detonation is approximately 26,000 
fps. Its color is light brown. 

HBX 

The explosive HBX is not a manufactured pro¬ 
duct but is a cast mixture composed of 40 per¬ 
cent RDX, 38 percent TNT, 17 percent aluminum 
powder, and 5 percent desensitizers. This sub¬ 
stance has a tendency to form hydrogen and nit¬ 
rogen gases if not completely free of moisture 
and causes distortion of the ammunition in which 
it is loaded. Therefore, 0.5 percent by weight of 
neutral calcium chloride has been added to form 
a new mixture called HBX-1. 

The explosive HBX is noncorrosive chemically 
stable. Tests indicate that prolonged exposure 
to unusually high temperatures may cause the 
loss of a small part of the wax used as a de¬ 
sensitizer. This wax may appear as exudate; 
however, the wax is not explosive and should be 
cleaned off by normal means. The melting point 
of HBX varies from 80°C to 90°C. It is soluble 
in acetone. Used primarily in underwater am¬ 
munition, HBX has a velocity of detonation of 
approximately 24,300 fps. Its color is slate gray. 

Another explosive has been developed which 
has been designated H-6. It is used in bomb- 
type ammunition and is a cast filler similar to 
HBX but is considered superior to it. Details 
on the specific formula and the detailed use of 
H-6 are classified. 

Explosive D 

Explosive D or ammonium pier ate is a high 
explosive usually derived by nitration of phenol 
followed by ammoniation of the produced picric 
acid. In bulk, explosive D appears in the form of 
finely divided crystals. Explosive D stains human 
hair and skin yellow. It has two major disad¬ 
vantages: 

1. Its melting point is too high for it to be 
melted and cast; therefore, it must be loaded 
by pressing. 

2. If not entirely free of traces of unammon- 
iated pecric acid, it reacts with certain metals 
such as lead, potassium, copper, and iron to 
form sensitive compounds and must be protected 
from direct contact with such metals. The color 
varies from yellow to orange brown. Explosive 
D is soluble in water and alcohol. Its melting 
point is 265°C. Explosive D is not hygroscopic 
when dried to specified moisture content (0.2 
percent). It is very difficult to detonate and 
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difficult to ignite. The principal use of explosive 
D is as a bursting charge for projectiles. While 
its powers and brisance are slightly inferior to 
those of TNT, it is much more insensitive to shock 
and will stand impact on armor plate without de¬ 
flagrating. The velocity of detonation is approxi¬ 
mately 21,300 fps. 

OTHER HIGH EXPLOSIVES 

High explosive compounds are often mixed 
with the principal explosives to produce com¬ 
bination explosives such as ammonium nitrate, 
nitroguanidine, and picric acid. These explosives 
and dynamite, are widely used in the Navy. 

Ammonium Nitrate 

Ammonium nitrate is a crystalline powder 
varying in color from almost white to brown. It 
has a melting point of 170°C. It usually cannot 
be detonated by heat or friction but may be ex¬ 
ploded by heavy booster explosives. It may be 
exploded by relatively light initiation if it has 
been sensitized by certain impurities, among 
which are many carbonaceous materials. Am¬ 
monium nitrate is not flammable at normal 
temperatures. In fires involving large quantities 
of ammonium nitrate, the material becomes an 
explosive hazard. The explosive hazard is ac¬ 
centuated by conditions of partial confinement and 
buildup of a certain degree of pressure in the gases 
of decomposition. When ammonium nitrate is in 
contact with copper-bearing metals, it may form 
sensitive compounds. When granulated in a special 
form or coated with certain noncombustible 
materials, ammonium nitrate is widely used as 
an efficient nitrogenous fertilizer. 

Ammonium nitrate is used in mixtures with 
TNT to form amatol. It is also combined in 
various proportions with aluminum powder, bar¬ 
ium nitrate,- RDX, or combinations of these sub¬ 
stances to form explosives such as Baranol, 
Minol, Minex, and Amatex. Packed in various 
sized sheet metal cans for use with a small- 
priming of TNT, it is marketed as the com¬ 
mercial, patented explosive, Nitramon. 

Nitroguanidine 

Nitroguanidine is a powerful high explosive 
which, when incorporated in propellants in ap¬ 
preciable quantities, results in a propellant that 
burns in a gun with a temperature so cool that 
no muzzle flash is produced. 


Nitroguanidine, under moderate temperature 
and humidity, is acceptably stable. It is com¬ 
parable in strength to TNT and its sensitivity 
is somewhat less than that of TNT. The velocity 
of detonation of nitroguanidine is approximately 
24,400 fps. The color is white to yellowish. 

Nitroguanidine is incorporated in multibase 
propellant powders. 

Picris Acid 

Picric acid is a nitrated product of phenol. 
It has been used as a military high explosive, to 
a greater or lesser extent, by almost all coun¬ 
tries. The chemical name for picric acid is 
trinitrophenol. 

Picric acid is a toxic, odorless, bitter tasting, 
pale yellow to yellow-red, crystalline powder. 
It is somewhat soluble in water and dissolves 
readily in alcohol, ether, or chloroform. Picric 
acid melts at about 250°F, ignites at about 
552°F, and is classed as a dangerous explosive 
when dry. In combination with all metals except 
aluminum and tin, it forms picrates which are 
much more sensitive and explosive than picric 
acid itself. Picric acid is nonhygroscopic and en¬ 
tirely stable. It has no tendency to decompose at 
ordinary storage temperatures. Picric acid has 
about the same sensitivity to shock or friction 
as TNT and is somewhat more readily detonated 
by means of a detonator. The velocity of deto¬ 
nation is approximately 23,200 fps. 

The tendency of picric acid to form sensitive 
picrates when in contact with metal has some¬ 
what limited its usefulness as an explosive. It is 
usually used in the converted form of ammonium 
pier ate, or explosive D. Picric acid has also found 
use as a booster explosive and as a substitute 
for a part of the mercury fulminate charge in 
detonators. 

Bulk picric acid should not be stored or 
used where it will come into contact with metals, 
lime, plaster, ammonia fumes, or oxidizing 
agents such as sodium nitrate or potassium 
chlorate. 

Picric acid is not as toxic as TNT, but care 
must be exercised to avoid poisoning caused by 
inhaling and swallowing large amounts of picric 
acid dust. In addition to the toxic hazard, picric 
acid is also a fire and explosive hazard. 

Dynamite 

Dynamites and blasting gelatins are explo¬ 
sives procured from commercial sources. Their 
sensitivity and keeping qualities are of a dif- 
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ferent order than those of standard military 
explosives. Therefore, special conditions for 
handling and storage are mandatory. Dynamite 
is more hazardous in storage than other high 
explosives because: 

1. It may exude nitroglycerin which is a 
greater fire and explosion hazard than other 
types of exudate. 

2. It deteriorates more rapidly than other 
high explosives. Therefore, it is a policy not to 
store dynamite and blasting gelatins in large 
quantities at naval activities handling ammuni¬ 
tion or explosives, except with specific approval. 


PYROTECHNICS 

Pyrotechnics is a Greek word for fireworks. 
The Navy uses fireworks not for celebration, 
but for illumination, marking, and signaling. 
An example is the illuminating projectile or 
starshell (SS) used to illuminate targets for gun¬ 
fire. A starshell actually is a pyrotechnic de¬ 
vice, although it is encased in a projectile body 
of standard external shape, and is fired from a 
standard rifled gun. 

In the following sections we discuss pyro¬ 
technics launched by hand or from special pro¬ 
jectors, or simply held by hand. All the pyro¬ 
technics we study here are intended for signaling. 

The Navy issues pyrotechnics not only for 
use aboard its surface combat ships, but also 
for use by aircraft, submarines, motor torpedo 
boats, merchant ships and for use ashore. How¬ 
ever, we can here discuss only those issued as 
ship's pyrotechnics. For the others see the OPs 
on pyrotechnics (at present OP 1511, 2213, and 
2793). 

The pyrotechnic units we describe are — 

1. Depth charge markers 

2. Signal lights, and the pyrotechnic pistols 
and projectiles used in firing them 

3. Distress and hand signals 

4. Navy lights 

DEPTH CHARGE MARKERS 

Depth charge markers are of two general 
types —those for day use (Mk 1 Mod 3) and for 
night use (Mk 2). The marker for daytime use 
spreads a patch of bright yellow dye on the 
water; the night type burns with a yellow flame 
for 45 to 55 minutes. Both types are used to 
indicate the point of discharge of depth charge 
barrages and to provide a reference point for 


further antisubmarine attack. (A Mk 1 Mod 2 
marker, stiU occasionally used, has green dye.) 

Depth Charge Marker Mk 1 Mod 3 (fig. 2-3) 
is a cylindrical waterproofed container about 12 
inches long and 3.5 inches in diameter. When 
you pull the ring attached to the safety pin and 
release the safety lever, the primer ignites the 
time fuze. Fifteen seconds later the black powder 
charge bursts the two dye containers and scatters 
the dye. The marker is dropped about 25 yards 
from the actual point where the depth charge 
itself was launched, so that the depth charge’s 
“boil” when it bursts will not dissipate the slick 
of dye. Never pull the pin until the marker is 
to be launched. After the pin is pulled, keep the 
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Figure 2-3. —Depth Charge Marker 
Mk 1 Mod 3 (day). 
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safety lever firmly against the marker body until 
it actually leaves your hand. 

WARNING: If the marker is accidentally drop¬ 
ped after the pin has been pulled, clear the 
area. DON'T try to retrieve the marker and 
make it safe again; it cannot be done. 

If exposed to moisture, the dye in the marker 
cakes and doesn't spread very well in the water. 
The markers should, therefore, be kept dry. 

The Mk 2 (night) marker is a sealed metal 
cylinder 7 inches high and 5 inches in diameter, 
shown in figure 2-4. It contains two chemicals. 
One of them is calcium carbide, the stuff that 
was used back in the horse-and-buggy days for 
carriage lamps. When wet, calcium carbide 
gives off acetylene, a gas that smells evil but 
burns well. The other chemical (calcium phos¬ 
phide), when wet, gives off a gas that ignites 
by itself, without help from matches, ignition 
charges, or the like. The calcium phosphide 
ignites the acetylene, which burns with a white 
flame. 


To operate the marker, pull the rings on the 
marker to open the holes allowing water to 
reach the chemicals. Then throw the marker 
overboard, allowing a short time lag to avoid 
the depth charge “boil.” The flame should 
appear in 45 to 50 seconds. DON'T remove the 
tear-strip rings until ready to cast the marker 
overboard. NEVER handle or carry the markers 
by their tear-strip rings. 

Night depth charge markers (Mk 2) should be 
inspected while in stowage for damaged tear 
strips. Markers with damaged strips should be 
disposed of immediately as unserviceable. 

SIGNAL LIGHTS 

Signal lights, often called Very lights (not 
because they are very light, but because that is 
what they were called by the French, who orig¬ 
inated them), are similar in appearance to a 
standard shotgun cartridge. When fired from the 
proper pistol or projector, a burning star (some¬ 
what like a star from a Roman candle) shoots 
high into the air, as shown in figure 2-5. 


83.109 

Figure 2-5. — Projected signal light. 
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Figure 2-4. — Depth Charge Marker 
Mk 2 (night). 
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The Mk 2 signal light is available in three 
colors — red, green, and white. Each cartridge 
has a percussion primer and a propelling or 
expelling charge of ten grains of black powder, 
which projects the burning star to a height of 
about 200 feet. The star charge is a tightly 
packed cylinder wrapped with a quick match (a 
fast-burning fuze), which ignites it when fired. 
The star charge is separated from the expelling 
charge by a shock-absorbing wad of hard felt. 
The cartridge is closed by a wad which is 
marked so that the color of the star can be 
determined by feeling it, as shown in figure 
2 - 6 . 

The red star may be identified by its corru¬ 
gated closing wad. It burns for approximately 
7 seconds. 

The green star has a smooth closing wad. It 
burns for approximately 5 seconds. 

The white star, which burns for approxi¬ 
mately 6 seconds, has a small conical boss on 
its closing wad. 

Each of the three colors is also identified by 
the corresponding color of the paper on the 
cartridge. 

The lights are available in combination kits 
known as Service Box, Signal Pistol Mk 5; and 
Reserve Box, Signal Pistol Mk 5. Unless packed 





COLOR OF WRAPPER 
CORRESPONDS WITH 
COLOR OF SIGNAL 
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Figure 2-6. —Markings on Signal Light 
Mk 2 Mod 0 (Very light). 


in kits, signal lights are packed in a metal 
can in units of tens and 100 cans (1000 signals) 
are packed in a wooden case for shipment. 

Signal lights are fired from signal Pistol Mk 
5. Signal Pistol Mk 5, for use with signal light 
Mk 2, is a single-barrel, breech-loading pistol, 
11 inches long. Metal parts are mounted on a 
plastic frame. A cartridge belt (MK 1) and 
holster are issued for use with the pistol. Fig¬ 
ure 2-7 shows how to use the pistol. 

1. To load the pistol, depress the latch 
button below the barrel. At the same time pull 
the barrel downward, as in part A of the figure. 
Then insert the signal light shell (as in part B 
of the figure). Push the barrel upward again 
until it latches closed. The pistol is now ready 
to fire. 

2. To fire the pistol, aim it upward at the 
desired angle, but clear of other ships or per¬ 
sonnel. Pull the trigger, as shown in figure 
2-7C. Keep your elbow slightly bent when firing, 
to absorb the shock of recoil and prevent the pis¬ 
tol from knocking itself out of your hand. 

3. To extract the expended shell, break the 
pistol open again (Step A), and pull the shell out 
of the chamber, as in figure 2-7D. 

The pistol Mk 5 must be kept in service¬ 
able condition at all times. Clean it thoroughly 
after each use. Wipe down all parts with a 
cloth impregnated with light machine oil. After 
assembly, wipe the exposed parts with a dry 
cloth. Swab the barrel with a cloth dampened 
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Figure 2-7. — Operation of Signal Pistol Mk 5. 
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with acetone or other solvent to remove powder 
residue. 

When loading or firing pyrotechnic pistols, 
NEVER point them in the direction of other per¬ 
sonnel or vessels. 

NEVER use Signal Pistol Mk 5 with ammuni¬ 
tion other than that authorized for use with it. 
Conversely, signal lights should never be fired 
from shotguns, or from projectors other than 
those authorized. 


proofed. NEVER try to use both ends at once. 
When using the smoke signal, keep it to leeward. 

These signals are shipped in wooden boxes 
containing 100 units. They are also available in 
metal cans containing four units for stowage in 
life boats, inflatable boats, etc. Avoid rough 
handling. Stow in a cool, dry place, in accord¬ 
ance with standard pyrotechnic stowage rules. 

NAVY LIGHTS 


DISTRESS SIGNALS 

The Distress Signal Mk 13 Mod 0 provides 
by day a pillar of smoke, and by night a fiery 
light. It's a mighty comforting thing to have in 
a life raft or life vest. 

The Mk 13 Mod 0 signal (fig. 2-8) is a metal 
cylinder about 5-1/8 inches long and 1-5/8 inches 
in diameter. It weighs between 6 and 7 ounces. 
One end contains a canister which, when ignited, 
produces orange smoke for about 18 seconds. 
The other end contains a pyrotechnic flare pellet 
that will burn 18 to 20 seconds. 

Each end of the metal tube is enclosed by a 
soldered cap with a pull ring through which you 
can put your finger. When you pull the cap 
loose, a brass wire attached to its inside sur¬ 
face moves through a cap coated with a com¬ 
position that ignites by friction, setting off 
either the flare or the smoke canister (depending 
on which ring you pull). The metal caps of the 
signal are covered with paper when issued; you 
must remove the paper before the pull rings are 
accessible. 

The signal body carries illustrated instruc¬ 
tions for use. The flare end has embossed pro¬ 
jections extending around the case to identify it 
as the end to use at night. When you use the 
signal, point it away from the face and hold 
it at arm's length at a 30° angle after it ignites. 
After one end of the signal has been used, douse 
the signal to cool the metal parts. Keep it so 
that if necessary, the other end can be used. 
Each end is separately insulated and water 
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Figure 2-8. — Distress Signal Mk 13 Mod 0. 


Navy lights are hand torches that burn with 
a brilliant light visible at night up to 3 miles 
away. They come in two colors, blue and red. 
Navy blue light Mk 1 Mod 1 burns between 60 
and 90 seconds; Navy red light Mk 1 Mod 0 
burns between 150 and 180 seconds. The two 
lights are similar in appearance and construc¬ 
tion (fig. 2-9). 


FRICTION STRIKER 
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Navy lights consist of a paper tube, which 
contains the pyrotechnic substance, with a wood¬ 
en handle at one end, and at the other end a 
cover with an exterior coating of abrasive like 
that on the scratching side of a safety match 
box. A tear strip protects the cover's exterior. 
The upper end of the paper tube, beneath the 
cover, is capped by a fabric impregnated with 
igniting compound similar to that on the head of 
a safety match. 

To ignite the Navy light, tear off the protec¬ 
tive strip, remove the cover, and scrape the in¬ 
verted cover across the top of the paper tube. 
When you do this, it's advisable to hold the light 
pointing away from you at an angle of about 45° 
to avoid contact with hot particles falling off the 
pyrotechnic candle. Hold the light at that angle 
while it burns. 

Navy red light Mk 1 Mod 0 and Navy blue 
light Mk 1 Mod 1 are shipped in metal con¬ 
tainers with 6 or 12 lights packed in each. Navy 
blue light Mk 1 Mod 1 is also shipped as part of 
the reserve box, signal pistol Mk 5. These 
lights deteriorate when exposed to moisture. Do 
not remove them from their containers until 
ready for use. For the same reason, keep them 
away from water or moisture. Lights that have 
been left in open containers for more than 6 
months should be turned back to the nearest 
ammunition depot or magazine at the earliest 
opportunity. Lights that have become chemically 
encrusted, or which give off an acetic acid 
(vinegar) odor, should be immediately disposed of. 
Put them in a weighted sack and dump them over¬ 
board. 

PYROTECHNIC KITS 

Very lights and hand lights are issued not 
only by themselves but also as kits. These kits 
are assembled around the Mk 5 signal pistol. 
The Mk 5 signal pistol service box contains 
two pistols, a set of spare parts for the pistols, 
two holsters, a cartridge belt, and 50 each of 
red, white, and green cartridges, all assembled 
in a metal box. The Mk 5 signal pistol reserve 

box contains one pistol with spare parts, two 
Navy blue lights, and 50 each of red, white, and 
green cartridges. These kits are the ones most 
commonly found aboard ship. 


SAFETY 

No matter how dangerous the work, familiarity 
is apt to lead to carelessness. All personnel 


involved in the inspection or care of explosives 
and pyrotechnics, must exercise the utmost care 
to ensure that regulations and instructions are 
rigidly observed. As a GMG 3 or 2, you should 
carefully supervise those under you, and fre¬ 
quently warn them of the necessity of using the 
extreme caution in the performance of their duties. 
No relaxation of vigilance should ever be per¬ 
mitted. The following safety precatuions must be 
observed when working with explosives. 

Whenever ammunition or explosives are being 
received, transferred, or stowed, the work should 
be supervised by an officer or petty officer who 
is thoroughly familiar with the rules for care 
and handling of explosives. He must make sure 
that all persons engaged in the work are properly 
impressed with the necessity for exercising the 
greatest care. 

All ammunition, explosives, and powder must 
be protected from abnormally high temperature. 
If so exposed, they must be handled in accordance 
with current instructions. (Permissible maximum 
storage temperatures are prescribed by the 
Ordnance Systems Command.) 

Black powder is one of the most dangerous 
of explosives and must always be kept segregated. 
Only such quantities as meet immediate needs 
may be taken from the magazines. A container 
of black powder may not be opened in a magazine 
nor in the vicinity of a container in which there 
is any explosive. 

Balii state and smokeless powder which has 
been wet from any cause must be regarded as 
dangerous for dry stowage. Such propellants are 
to be handled in accordance with current in¬ 
structions. 

Electric igniters or detonators, electrically 
fired rocket motors or electric fuzed may not 
be located in the same compartment with, or 
within 5 feet of, radio apparatus or antenna leads. 

Pyrotechnics contain material of an extreme¬ 
ly dangerous nature. Special precautions for cer¬ 
tain pyrotechnics are prescribed in the section 
relating to the specific item. The following 
general precautions should be observed at all 
times. 

Pyrotechnics should be handled carefully. 
Rough handling may cause immediate function¬ 
ing, or may damage the item so it will not func¬ 
tion properly at the time desired. Some types of 
pyrotechnic ammunition are more dangerous than 
other types of service ammunition, and proper 
functioning is important. 

Functioning of pyrotechnics is affected by 
moisture, so they should be stowed in a dry, 
well-ventilated places. Most pyrotechnics are 
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packed in moisture-proof containers; the seal of 
such containers should not be broken until just 
before the item is to be used. Pyrotechnics ex¬ 
posed to moisture should be segregated until an 
examination has proved they are safe and serv- 
icable. 

Whenever possible, pyrotechnics should be 
stowed in the boxes or watertight containers in 
which they are supplied, and should be separated 
according to type, color, and lot number. 

Pyrotechnics should not be stowed where the 
direct rays of the sun can strike them, and they 
should be protected from excessive and variable 
temperatures. The temperature in stowage spaces 
should be below 100°F. The main reason for 
this temperature limitation is that many pyro¬ 
technic items incorporate commercial percus¬ 
sion-type primers containing fulminate of mer¬ 
cury which deteriorates rapidly at temperatures 
exceeding 1006F. 

Aboard ship, smoke-producing pyrotechnics 
should be stowed above deck is possible, because 
it is difficult to combat fire in these materials 
when they are stowed where the smoke produced 
is not blown away. Water-activated items should 
be stowed separately. If water is used to fight 
a fire, the water may spread the fire by activating 
the pyrotechnics. 

Smoking or carrying lighted cigarettes, ci¬ 
gars, or pipes is not permitted in the vicinity 
of pyrotechnics. Matches and other flame or 
spark-producing articles should not be carried 
near places where pyrotechnics are stowed. 

When a cartridge type pyrotechnic misfires, 
make at least two more attempts to fire it. If 
it still fails to fire, the pistol or projector 
may be unloaded after waiting a minimum of 
30 seconds. Because of the possibility of hang 
fire, this rule should never be disregarded. 

Because of the nature of pyrotechnics, most 
types deteriorate in a shorter period of time 
than other types of service ammunition. The 
oldest serviceable pyrotechnics available should 
be issued first to insure the continuing avail¬ 
ability of a fresh stock. 

Pyrotechnic material shall always be kept 
segregated in regular pyrotechnic stowage spaces, 
if such are provided, or in pyrotechnic lockers 
on upper decks. When handling or loading pyro¬ 
technics, the number of units exposed or re¬ 
moved from stowage at one time should be kept 
to a minimum. 


Flares are more dangerous as a fire hazard 
than many types of ammunition because they are 
so easily activated and because of the great 
heat developed by the burning illuminant candle. 
Extreme care is necessary in stowage, use, 
and handling. Flares exposed to excessive mois¬ 
ture or mechanically damaged by rough handling 
must be returned to ammunition depots, dumped 
overboard, or burned. Flares should never be 
disassembled and parachutes or other compon¬ 
ents removed, nor should they be left in aircraft 
indefinitely grounded. 

When directed by the Naval Ordnance Systems 
Command, defective and obsolete items of pyro¬ 
technics may be disposed of by either dumping 
overboard or burning. Dumping must be done 
at least 10 miles offshore and in water more 
than 500 fathoms deep. Dumping is preferred 
to burning because it involves less preparation 
and hazard. Full instructions for dumping or 
burning pyrotechnics may be found in OP 5, 
Volume 1, Ammunition Ashore. 

Note the following safety precautions in the 
use of Navy lights: 

1. Select carefully the place at which the 
lights will be burned, because burning particles 
dropping from the lighted candles can start 
fires. 

2. Always hold the light up at an angle of 
45° and point it to leeward while it's burning. 

Additional information on the methods and 
safe handling and disposing of high explosive 
exudate, powered high explosive residue and 
damaged explosive components is explained in 
OP 3347 United States Navy Ordnance Safety 
Precautions. This publication was developed for 
operating forces located both ashore and afloat 
and replaces chapter 20 of OPNAV 34 P.l United 
States Navy Safety Precatuions. 

The scope of OP 3347 is restricted to explosive 
and nonexplosive ordnance material and equip¬ 
ment. All personnel in ordnance type ratings and 
strikers for such ratings have the responsibility 
of enforcing the proper methods and the safety 
precatuions related to all types of ordnance ma¬ 
terial and equipment. All ordnance personnel must 
remain alert at all times to avoid a tragic situa¬ 
tion brought about by carelessness or by ignorance 
or misuse of ordnance explosives and ammunition. 
Read and study OP 3347. 
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CHAPTER 3 


AMMUNITION AND MAGAZINES 


In the preceding chapter you learned about 
the raw material of explosives and pyrotechnics. 
In this chapter we provide an overview of the 
Navy's gun-type ammunition. We study its con¬ 
struction, function and purpose. We name and 
identify the types of projectiles and fuzes used 
in the Navy and explain the two types of color 
coding systems used to identify ammunition. 

We also discuss magazines and their sprink- 
line and alarm system. We explain the safety 
precautions to be observed when operating and 
testing magazine sprinkling systems. In the last 
section of this chapter we discuss safety pre¬ 
cautions for handling, and stowing of gun am¬ 
munition and rockets. 

Since ammunition is a major subject of this 
chapter, we'll first supply a definition or ex¬ 
planation of ammunition. 

Ammunition: A contrivance charged with ex¬ 
plosives, propellants, pyrotechnics, initiating 
composition, or nuclear, biological, or chemical 
material for use in connection with defense or 
offense, including demolitions. The definition when 
broadly applied, pertains to any case or con¬ 
trivance (a mechanical device or appliance) 
charged with e^jlosives. Ammunition is classi¬ 
fied as follows: 

1. Gun ammunition: 

a. Bag 

b. Semifixed 

c. Fixed 

d. Small-arms (in reality a subclass of 
fixed ammunition) 

2. Bomb type ammunition: 

a. Torpedo war heads 

b. Aircraft bombs 

c. Depth charges 

d. Mines 

3. Pyrotechnic ammunition 

4. Rocket ammunition 

5. Impulse ammunition 

6. Demolition charges and components 

7. Guided missiles 


GUN AMMUNITION —PROPELLING 
CHARGES 

On the basis of their propelling charges, you 
remember, all gun ammunition is of two main 
kinds. One is bag type (or separate loading) in 
which the propelling charge comes in two or 
more separate silk bags, with a separate primer. 
The other is case type, in which the primer and 
propelling charge are housed together in a cyl¬ 
indrical metal cartridge case (fig. 3-1). In turn, 
case ammunition is of two main kinds—FIXED, 
in which the complete round consists of a cart¬ 
ridge case and projectile secured together in one 
piece, and SEMIFIXED, in which the complete 
round consists of two pieces: the propelling charge 
(complete in its plugged case), and the pro¬ 
jectile. (Small-arms ammunition is fixed am¬ 
munition, but we take it up elsewhere in this 
manual. 

BAG TYPE PROPELLING 
CHARGES 

The separate ammunition details that make 
up a complete round of separate-loading am¬ 
munition are the primer, the powder bag (usu¬ 
ally two or more, depending on caliber of gun 
and type of load prescribed), and the projectile. 

Lock Combination Primer 

The cross-section view in figure 3-2 shows 
these details in a loaded and primed bag gun: 
The primer fits into the chamber of a firing lock 
on the rear face of the breech plug. The primer's 
open end faces into a tubular primer vent that 
leads into the chamber, in which are the powder 
bags. 

The primer itself (fig. 3-3) looks like a 
small tapered cartridge case, with a rim at the 
base. Inside, behind the round central part in 
the base, is an imp act-sensitive percussion 
cap. Connected to this same part is a bridge 
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3.116(84A) 

Figure 3-1. — Types of gun ammunition: Fixed (top); Semifixed (center); and bag gun (bottom). 


wire (like the one *in an electrical blasting cap) 
surrounded by a wisp of guncotton and a priming 
mixture containing mercury fulminate. Either 
the impact (of a firing pin) or an electric cur¬ 
rent (from a firing circuit) in the bridge wire 
can set off the primer's flame-producing con¬ 
tents. The flame issues through the primer 
vent (fig. 3-2) to the gun chamber, where it 
ignites the other details of the propelling charge. 

Because it fits into the firing lock of a bag 
gun, this is a lock primer. If it had only a 
percussion cap (and no bridge wire), it would 
be a percussion primer. If it had only the 


bridge wire and its priming mixture, it would 
be an electric primer. But it can be set off 
either by percussion or by electricity, so it is 
a combination primer. Full name of this unit; 
lock combination primer. 

In separate-loading ammunition, loading of 
the primer into the lock is a completely inde¬ 
pendent operation from loading of any other 
ammunition detail. If a primer fails to func¬ 
tion, or if there is a misfire for any other 
reason, the primer may be ejected and a new 
one substituted without removing powder bags 
or even unlocking the gun breech. 
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84.5(110 A) 

Figure 3-2. — Complete round of bag ammunition, loaded and ready for firing. Cross section. 


Other kinds of primers are used in other 
propelling charges. We'll take them up later. 

Powder Bags 

Now let’s look at the powder bag, which con¬ 
tains the bulk of the propelling charge. 

The powder bag is a fabric container, cyl¬ 
indrical in shape when fully loaded with smoke¬ 
less powder grains (fig. 3-4A). The bag and 
its lacing and handle straps are silk, which 
burns completely when the charge is fired, 
leaving no smoldering embers. Each bag con¬ 
tains a black powder ignition charge in a red- 
dyed pad, sewed like quilting to one end of the 
bag. 

The grains of smokeless powder may be 
either packed into the bags loosely (unstacked), 
or stacked so that all the grains are arranged 
in layers with the grains standing more or less 
vertically (fig. 3-4B). Stacked charges are more - 
compact and easier to handle, and the sharp 
edges of the grains are less likely to cut the 
bag fabric. 

Because old bags tend to get slack and flabby, 
you may have to tighten the lacings. Regulations 
prohibit the addition of any stiffening or tight¬ 
ening material to powder bags. Foreign material 
added to the bag may not burn completely but 
leave embers and sparks in the chamber to set 
fire to the next round's charge. If a bag is in 


such poor shape that it is unsafe to rely on the 
lacings to get it tight, replace it with another bag. 

Powder bags are always loaded into the gun 
with the ignition pad aft, facing the breech plug 
(fig. 3-2). The ignition pad of the rearmost 
bag must come within 4 inches of the mushroom 
head on the face of the plug when the breech is 
closed. If the rearmost bag is rammed too far in, 
you can, without opening the breech, usually get 
it to side back to the mushroom by elevating the 
gun to its highest angle. 

However, if the rearmost powder bag is loaded 
wrong-end-to, the result probably will be either 
a hangfire or a misfire. The usual procedure for 
dealing with this is to continue firing primers 
until the charge is set off. But an alert gun crew 
will never load a powder bag incorrectly. 

Smokeless powder must be Stored in airtight, 
watertight containers called powder tanks (later 
in this chapter we shall discuss the character¬ 
istics of smokeless powder that makes this kind 
of stowage necessary.) There are several types; 
one is illustrated in figure 3-5. Note the top 
cover, which is designed for tight sealing and 
quick opening, using a special wrench. Larger 
tanks, like the one illustrated, have lugs for 
use with slings; smaller ones have handles. 

Especially in bag gun turrets, regulations 
strictly limit the number of tanks that may be 
open at any one time, this is explained in chapter 
9 of this text. 
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84.6 

Figure 3-3. —Typical lock combination primer. 


CASE TYPE PROPELLING 
CHARGES 

A complete round of semifixed ammunition 
consists of two pieces; a projectile, and a cyl¬ 
indrical metal cartridge case sealed by a cork 
plub. Semifixed ammunition is used in larger 
case guns. As with bag type propelling charges, 
semifixed cases are kept in airtight tanks until 
they are to be fired. 

A complete round of fixed ammunition is 
one piece, with the cartridge case crimped to 



STACKED 


UNSTACKED 


84.7 

Figure 3-4. — Powder bags. 


the base of the projectile. Fixed 3-inch rounds 
are kept in tanks, but smaller calibers are 
stowed in airtight boxes, several rounds to a box. 

Inside, both fixed and semifixed cartridges 
are quite similar. Figure 3-6 and 3-7 shows the 
main components of both type cartridge cases. 
The primer's base fits into the base of the case, 
so that the gun's firing pin lines up with and 
contacts it when the breech is closed. Because 
a primer can be set off either by an electric 
firing current or by the mechanical impact of the 
firing pin, it is called a combination primer. A 
black powder ignition charge runs the full length 
of the primer's perforated stock or tube, and does 
for the case type propelling charge what the 
ignition pad does for the bag type charge. To 
give it its full name, call this a case combination 
ignition primer. 

Case ammunition with combination primers is 
in service and is being issued to the fleet, but 
the present trend in case guns of 3-inch and 
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84.8 

Figure 3-5. —Powder tank, cover, and wrench. 


larger caliber is toward the use of electric 
primers. 

So that guns may be cleared in the event of 
a casualty of the electrical firing system, how¬ 
ever, short cases will continue to be fixed with 
percussion or combination primers. 

WARNING: You are NOT authorized to dis¬ 
assemble service ammunition to get at primers, 
nor to disassemble live primers. The explosive 
compounds in them, as you should have learned 
from the preceding chapter, are exceedingly 
touchy. Even if a primer hasn't enough wallop to 
blow you to bits, it can certainly deprive you of 
a finger or an eye, and it can easily set off 
more powerful charges. Under proper supervision 
you may, of course, use test primers, designed 
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84.9(84A)A 

Figure 3-6. —Typical cartridge case for 
semifixed ammunition, sectional view. 
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cartridge case assembled with projectile, 
sectional view. 


for the purpose, to check the functioning of 
firing mechanisms and circuits. 

Remember to play safe with primers when 
they're assembled into their charges, too. Handle 
semifixed cartridge cases, when they're out of 
their tanks, with base UP, so that you won't 
accidentally set the case down on the deck, where 
a rivet head can setoff the primer. Similarly, load 
them into their hoists base up. 

Now let's look at the case in figure 3-6 
again. When the gun fires, the case expands 
under the powerful pressure of the burning 
propellant gas, then must contract again after¬ 
ward so that it can be removed from the cham¬ 
ber. It mustn't stick to the chamber walls, nor 
may it crack. For a long while, only seasoned 
brass cases could be relied on to perform cor¬ 
rectly. During World War II, when the supply of 
brass became critical, metallurgists devloped 
a special steel that served adequately. 

Since steel is cheaper, and is being improved 
all the time, you'll see more and more steel 
cases as time goes on. But whatever they're 
made of, used cases are still called "spent 
brass." However cheap they are (relatively), 
they still cost the taxpayer something. That is 
why Navy directives require you to save spent 
brass, to try to keep it from getting too badly 
battered, and to return it to ammunition depots 
for reworking. 

Immediately after firing, ejected cases (5- 
inch and larger) should be stood on their bases 
to permit residual gases (small amounts left 
over after firing) to excape completely. Then 
replace the cases in their tanks. Other spent 
brass should be replaced in the original con¬ 
tainers, tagged, and stowed. 

In the center of the base of the case is the 
threaded hole for the primer. The case tapers 
slightly toward the forward end, so that it can 
be withdrawn from the chamber without binding. 
A rim at the base is engaged by the gun's ex¬ 
tractors. In fixed ammunition, the case often 
has a bottle neck in which the projectile is 
crimped. 

The propellant powder in the case is the 7- 
perforation kind we have already studied. (Small- 
caliber grains have one perforation.) The powder 
is weighed out with great precision and loaded 
into the case at the ammunition factory. Since 
it does not take up all the space inside the case, 
and since it would be dangerous for the powder 
to have a lot of room to rattle around in, it 
is tightly packed and sealed under a sheet of 
lead foil and a cardboard wad. These are kept 
tight by a triangular cardboard distance piece. 
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The distance piece bears up against the plug 
the closes the mouth of the case. In fixed 
ammunition, the case is sealed by the pro¬ 
jectile base. 

The lead foil functions as more than apacking 
material. When the gun is fired, it helps clear 
the bore of the metal fouling that scrapes off 
the projectile rotating band onto the rifling as the 
projectile passes through the barrel. 


PROJECTILES 

From your study of Seaman, NavPers 10120-F, 
you learned the purposes of the external parts of 
projectiles such as the ogive, bourrelet and ro¬ 
tating band, you also learned that the projectile's 
shape is designed to obtain the desired flight 
characteristics for stability and for minimum 
air resistance. Before explaining the classifica¬ 
tion, types and general construction of projectiles 
we'll review some of the basic information about 
the external parts of projectiles studied in the 
Seaman manual. 

The body of the projectile is formed so that 
the forward end is pointed, this permits the pro¬ 
jectile to push its way through the air with a 
minimum of drag, the forward section is called 
the ogive (fig. 3-8). Just aft of the ogive and 
ringing the projectile body is a highly finished 
surface called the bourrelet (fig. 3-8). It is 
slightly larger in diameter than the projectiles 
body; the purpose of the bourrelet is to support 
and steady the forward end of the projectile as 
it passes through the gun bore. 

Toward the rear of the projectile is a band 
of fine copper, slightly larger than the gun's 
bore. This band is called the rotating band 
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BASE BOURRELET 


110.45 

Figure 3-8.— External features of gun projectile. 


(fig. 3-8). Its purposes are to (1) e j* age the 
rifling of the gun and impart rotation to the pro¬ 
jectile when it is fired; (2) keep the projectile 
firmly seated in the gun, preventing the pro¬ 
jectile from sliding back when the gun is elevated; 
and (3) seal the bore to prevent propellant gases 
from excaping from the gun muzzle. 

CLASSIFICATION OF 
PROJECTILES 

A projectile is most commonly classified by 
the size of the gun in which it is used. In addition 
to designations of bore diameter, such as 20 MM, 
3 inch, or 16 inch, the length of the gun bore in 
calibers is also used as a means of classifi¬ 
cation. Thus a 3"/50 projectile is one used in 
a gun having a bore diameter of 3 inches and a 
bore length of 50 times 3 inches, or 150 inches. 
Projectiles are also classified by their service 
use and by their purpose and construction. 

Classification By 
Service Use 

For economy and for safety, gun ammunition 
is assembled and classified as follows: 

1. Service: Ammunition for use in combat. 
The projectiles carry explosive, illuminating, 
or chemical payloads. 

2. Target and Training: Ammunition for firing 
practice. The projectiles are comparable in weight 
and shape to those of service ammunition but 
are of less expensive construction and normally 
contain no explosive. VT NON-FRAG projectiles 
are an exception in that they are for training 
purposes and do have a combination black pow¬ 
der-pyrotechnic color burst element. 

3. Dummy Drill: Any type of ammunition 
assembled without explosives, or with inert ma¬ 
terial substituted for the explosives, to imitate 
service ammunition. The ammunition may be made 
of metal or wood. Dummy drill ammunition is 
used in training or exercising personnel or 
in testing equipment. It is normally identified 
as dummy cartridges, dummy charges, or drill 
projectiles. Drill projectiles may not be fired 
from any gun. 

Classification By Purpose 
And Construction 

Projectiles are classified by their tactical 
purpose as one of the following types: penetrating, 
fragmenting, and special purpose. Since targets 
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Figure 3-9. —Typical high capacity projectile, sectional view. 


differ in design and purpose, projectiles must also 
differ in their construction to make them more 
effective. If you were to cut open for purpose of 
inspection, the different types of projectiles listed 
above (other than small arms) you would find that 
their construction and characteristic are common. 
Because of this, projectiles are also classified 
by their construction. 

1. Thin-walled projectiles, designed to inflict 
damage by blast effect and by fragmentation 
(breaking up into small high-speed fragments). 
These projectiles have relatively thin walls and a 
large cavity for the bursting charge. The impor¬ 
tant kinds of thin-walled projectiles are — 

a. High-capacity (HC) (fig. 3-9) for use 
against unarmored surface or land targets. They 


are usually fuzed to function upon striking the 
target. 

Antiaircraft (AA) (fig. 3-10) designed to 
burst in air, for use against aircraft. They are 
usually fuzed to function either upon approaching 
the target (VT or proximity fuze), or at a certain 
pre-set time after firing (time fuze). 

c. Antiaircraft common (AAC) (fig. 3-11) 
projectiles are equipped with fuzes that detonate 
either upon impact, or a set time after firing. 
These projectiles have somewhat heavier walls 
than AA projectiles, and can be used against 
surface or land targets. 

2. Armor-piercing (AP) projectiles, designed 
to penetrate resistant obstacles, like heavy armor 
plate, thick concrete, or the like, and then to 
explode. As you can see in figure 3-12 an AP 
projectile body has thick walls, a relatively 



84.297 

Figure 3-10. — Typical antiaircraft projectile, sectional view. 
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Figure 3-11. — Typical antiaircraft common projectile, sectional view. 


small cavity for the burster charge, a nose 
cap, and a thin metal windshield. To function 
effectively, an armor-piercing projectile must 
keep its burster charge intact until it has pene¬ 
trated its target. The projectile body, of tough 
steel, backs up the hardened but somewhat brittle 
steel nose cap, which is so shaped that it will 
dig into and cut through an armorplated target, 
rather than bounce off (ricochet). However, in 
flight the blunt nose cap, which is shaped for 
penetration of armor, not for streamlining, would 
give the projectile the ballistics of a brick. 
Hence the windshield, which collapses upon im¬ 
pact with the target, is screwed on to give the 
exterior of the projectile a satisfactory ogival 
shape. 

NOTE: Figure 3-12 does not show the burster 
charge or the base fuze used to set it off. 

3. Common (COM) projectile, a compromise 
between the AP and thin-walled types (fig. 3-13). 
The walls, though sturdy enough to penetrate 
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84.10.1 

Figure 3-12. — 3-inch armor-piercing projectile. 
Cross section. 


thin armor, still permit a cavity large enough 
to carry a sizable bursting charge. Common pro¬ 
jectiles, 5-inch and larger, may have windshields. 
Special common projectiles have thicker walls 
than common, though not quite so thich as AP. 

4. Special-purpose projectiles, which include 
all those types that are not listed and classified 
above. Special-purpose projectiles are not in¬ 
tended to inflict damage by explosion or fram- 
mentation. Their purposes depend on type, as 
follows: 

a. Illuminating projectiles, often termed 
star shells (SS). These are used for illuminating 
a target in darkness. The projectile contains a 
flare attached to a parachute. At a predetermined 
instant, while the projectile is in flight, the time 
fuze ignites a black powder charge. The charge 
expels the parachute and flare, and lights the 
flare, which burns with a brilliant light as it 
descends, supported by the parachute (fig. 3-14). 

b. Chemical projectiles include a number 
of different types, depending on purpose — those 
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84.10.3 

Figure 3-13.— 3-inch common projectile. 
Cross section. 
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Figure 3-14. — Illuminating projectile. 


with various types of war gases, and smoke 
projectiles. Smoke projectiles (one is shown in 
cross section in fig. 3-15) are by far the most 
common. They contain tubes of white phosphorous 
(WP) and black-powder burster charge, which 
scatters the tubes over a wide area when it ex¬ 
plodes. The smoke is used both for concealment 
and to harass the enemy, particularly in shore 
bombardment. 

c. Target projectiles (fig. 3-16), the use 
of which is indicated by the name, are similar in 
shape, weight, and balance to the corresponding 
service projectiles of the same caliber. Usually 
they are loaded with sand, and they may have a 
tracer. 

d. Nonfragmenting (NONFRAG) projectiles 
(fig. 3-17) are a special type used for AA training 
exercises. The projectile is inert loaded, but 
does have a small black powder expelling charge. 
When activated by a VT fuze, the expelling charge 
will blow the base out of the projectile, producing 


a distinctive gray cloud. The projectile continues 
its flight past the target. Theoretical hits are 
calculated by observing the bursts. 

e. Window projectiles (fig. 3-18) are loaded 
with metal foil strips and a small burster charge. 
When exploded at high altitude, the scattered 
strips hinder enemy radar operation. 

f. Drill projectiles (fig. 3-19) are used to 
exercise gun crews in loading drills and for 
testing ammunition hoists and other ammunition 
handling equipment. They are made of economical 
but suitable metals, and are designed to simulate 
the represented service projectile in size, form 
and weight. They maybe solid or hollow. If hollow, 
they may be filled with an inert material to bring 
them to the desired weight. This latter type is 
closed with a base or nose plug or both, as 
appropriate. 

Many types of projectiles, especially 5-inch 
and smaller, are fitted with tracers (fig. 3-16 
and 3-20) that burn during projectile flight, 
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Figure 3-15. — Smoke (WP). 


leaving a bright trail of light, for use in spotting. 
Tracers are especially valuable in antiaircraft 
fire control. In 40mm ammunition, the tracer 
may be installed so that when it burns down to 
its end, it detonates the burster charge. The 
advantage of this self-destroying feature is ob¬ 
vious when AA projectiles are fired at such 
elevations that they might fall on friendly forces. 

ROCKET ASSISTED PROJECTILES 

The 5 m /38 Rocket Assisted Projectile, (RAP) 
is fired from guns at the same initial velocity 
as standard projectiles. The primary use for 
RAP is against personnel and light-material 
shore targets. Its secondary use is against 
enemy shipping at extended ranges. The RAP 
round is an addition to rather than a replacement 
for existing gun-type ammunition. Operational 
skill and maintenance level required aboard 
firing ships will be the same as for existing 
type gun systems. RAP will remain in the fleet 
indefinitely as an extended range gun-fire pro¬ 
jectile. 

RAP Description 

Each RAP round consists of a projectile and 
a gun cartridge - (full charge). The projectile 
consists of a solid-propellant rocket motor with 
a delayed ignition element, an explosive filler 
warhead, and either a controlled variable time 
fuze (CVT) or a point detonating fuze (PD). 
Cartridges used to fire RAP are the same as 
those used for standard 5-inch projectiles. Fig¬ 
ure 3-21 is a cutaway view of the 5"/38 Rap 
projectile. 
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Figure 3-16. —Typical target projectile, sectional view. 
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Figure 3-17. — Typical nonfragmenting projectile, sectional view. 
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Figure 3-18. — Typical window projectile, sectional view. 
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RAP Operation 

The basic concept of a solid-fuel rocket 
assisted projectile was generated by German 
rocket scientists during WW II, but the idea was 
not developed beyond the initial stages until 
early 1960. 

Ignition of the boosted rocket-motor is ach¬ 
ieved with the Mk 279 igniter. The igniter is a 
gun-gas-triggered, percussion-activated delay 
igniter which is sealed into the motor case base 
with a gas check gasket and is blown out upon 
motor ignition. 

Gun chamber pressure develops when the 
projectile is fired, this pressure flexes a belle- 
ville spring which strikes a percussion primer 
assembly in the base of the projectile. The 
primer in turn ignites a pyrotechnic delay col¬ 
umn which burns for a finite period of time 
(23 sec. for a 5"/38 RAP). After the delay 
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84.304 

Figure 3-21. —5"/38 rocket assisted projectile (RAP) Mk 57 Mod 0, cutaway view. 
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Figure 3-20. — Location of tracers 3-inch 
and below. 
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period the delay column burns the ignition charge 
which ignites the rocket motor to increase the 
velocity of the projectile. The 5"/38 RAP booster 
burns for 1.6 sec. Figure 3-22 shows the details 
of the ignition element used in the RAP projectile. 

HANDLING.— Warning, during handling of 
RAP, a drop in excess of 24 inches on the base 
of the projectile, in which a deck pin, (rivethead) 
bold, or miscellaneous object can strike the 
center hole of the igniter, sufficient striking 
energy could be provided to actuate the igniter. 
In this event, ignition of the rocket motor may 
be delayed 20 to 30 seconds. 

All personnel should immediately evacuate 
the area. Do not attempt disposal prior to 
racket motor ignition. After a delay of at least 
one (1) minute following rocket motor burn out, 
the projectile should be disposed of immediately 
by dumping. 

Handle RAP projectiles carefully at all times. 
Avoid jarring or dropping. Stowage conditions for 
RAP projectiles must meet the same require¬ 
ments applicable to standard projectiles. 

Caution, in view of the similarity in appear¬ 
ance between standard and RAP projectiles and 
dissimilarity of impact points, positive and cor¬ 
rect identification by handling crews becomes a 
major safety factor. For example a gun crew 
could be under the impression that they are firing 
RAPs over the heads of our assault forces, 
when actually they are firing standard project¬ 
iles into the midst of the very force it is 


supporting. Use extreme caution during all firing 
operations. 


FUZES 

In the preceding chapter you learned that the 
burster charge of a projectile is relatively in¬ 
sensitive, and requires an explosive train, be¬ 
ginning with a very small amount of sensitive 
initiating explosive, to get the projectile to 
accomplish successfully its mission of destruc¬ 
tion. 

The component that sets off the initiating ex¬ 
plosive is the fuze. No matter how complicated 
or simple its construction of functioning, that is 
what the fuze is for. 

Fuzes can be classified by functions as 
follows: 

1. Time fuzes function a predetermined length 
of time after the projectile if fired. The exact 
time is set, before the projectile is loaded into 
the chamber, by a mechanical fuze setter on 
the mount. Or you can set the fuze with a special 
fuze wrench. The interval between the instant 
the fuze is set, and the instant the projectile 
is fired, is dead time. No matter when, how, 
or by what it is set, the timing mechanism of 
a time fuze won't function until the projectile 
is fired. 
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2. Proximity or VT fuzes are energized after 
the projectile is fired, and function when the 
projectile approaches closely to the target. 

3. Percussion or impact fuzes function either 
as the projectile strikes the target, or (especially 
in AP projectiles) after the projectile penetrates. 
Some fuzes (nondelay type) of this kind function 
immediately on contact with any thin material 
(for example, the thin sheet metal skin of an 
aircraft). Fuzes for armor-piercing projectiles, 
however, always incorporate a slight delay to keep 
the burster from going off until after penetration. 

4. Combination fuzes incorporate both time 
and percussion features—that is, the fuze may 
go off either on impact, or after the time set, 
whichever occurs first. 

5. Auxiliary fuzes, as the name implies, 
operate only with other fuzes. In gun projec¬ 
tiles, they form part of the explosive train, and 
pass on the explosion initiated by another fuze 
(located in the projectile nose) to the main 
bursting charge. 

If, in the nomenclature of a projectile fuze, 
there is no mention of function it's usually an 
impact or percussion fuze. 

The nature of the fuze mechanism depends, 
of course, on what kind of fuze it is. All fuze 
mechanisms depend on certain forces either to 
start their functioning, or to keep them function¬ 
ing. These forces develop either when the pro¬ 
jectile is fired, when it flies through the air, or 
at the end of the flight. In the sequence of their 
development, these forces are called setback, 
centrifugal force (caused by spin), creep, and 
impact. They are worth explaining. 

All objects have a property known as inertia. 
For our purpose we can say that inertia means 
resistance to change in motion. A moving ship, 
for example, tends to keep going even with engines 
stopped. (And it would keep going indefinitely if 
it weren't for the fluid friction of the water it 
floats in, and obstacles in its way.) A ship dead 
in the water tends to remain so, and it takes 
mighty efforts by its propulsion machinery to get 
it under way. 

In 1687, in a Latin treatise on natural 
philosophy, entitled Principia, Sir Isaac Newton 
described this characteristic behavior of ma¬ 
terial things in the statement of his First Law 
of Motion: 

“Every body tends to remain at rest, or in 
uniform motion in a straight line, unless com¬ 
pelled by external force to change.” 


Why bring up Newton and his laws of motion 
when we're discussing fuzes? The reason: Every 
one of the forces that acts on a projectile fuze — 
from firing to impact—is an effect of inertia. 

Let's begin with setback (fig. 3-23A). When 
the propelling charge of the round fires, the 
fuzed and projectile are at rest. As the hot 
gases expand, pressure in the chamber goes up, 
and forces the projectile to move forward. But 
because of inertia, every particle of the pro¬ 
jectile and fuze tends to stay where it is. The 
effect—well, have you ever been in a jalopy 
whose hot-rod driver tramps on the throttle as 
soon as he sees the light turn green? Your head 
snaps back as the car jerks forward. The same 
thing happens in the projectile and its fuze, ex¬ 
cept that the acceleration—and the setback 
effect—are thousands of times greater. As an 
example of its application to fuzes, setback is 
used in mechanical time fuzes to unlock the 
clockwork mechanism. 

As the projectile rotating band is twisted by 
the gun bore's rifling, the projectile spins. You 
know how spinning develops centrifugal force 
(fig. 3-25B) — a tendency to fly directly away from 
the center of rotation. (This is another effect of 
inertia. A moving object tends to keep moving— 
in a straight line. Centrifugal force is caused 
by a revolving particle's tendency to move in a 
straight line. Centrifugal force is caused by 
a revolving particle's tendency to move in a 
straight line rather than in a circle.) As an ex¬ 
ample of its application in fuzes, centrifugal 
force, instead of a woundup spring (as in con¬ 
ventional clockwork), is used to operate the 
clockwork in most mechanical time fuzes. Cent¬ 
rifugal force is also used to assist in readying 
(arming) the fuze to function when it strikes or 
approaches the target. 

Creep (fig. 3-23C) is another effect of inertia. 
Like anything else that moves through the air, a 
projectile in flight moves against air resistance, 
which tends to slow it down. Its supersonic 
speed creates shock waves and turbulence, which 
increases this frictional slowing. But the slowing- 
down effect is applied to the exterior of the pro¬ 
jectile. The parts inside aren't overcoming any 
air resistance, so they don't tend to slow down. 
You can notice this effect as it applies to your¬ 
self, if you ride in an automobile in which the 
brake (simulating air resistance) is being applied 
lightly. You tend to lean forward. Similarly, 
movable parts in a fuze tend to creep forward 
as the projectile plows through the air that slows 
it down. In many types of fuzes, creep force is 
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PROPELLENT GASES 


A. SETBACK 


MOVABLE PARTS TEND 
TO MOVE BACKWARD 

FUZE 


MOVABLE PARTS TEND TO MOVE OUTWARD 



PROJECTILE IN FLIGHT 



SHOCK WAVE PRODUCED BY SUPERSONIC 
VELOCITY OF PROJECTILE 


OVABLE PARTS TEND TO CREEP FORWARD 
AS PROJECTILE SLOWS DOWN 



D. IMPACT 


84.12 

Figure 3-23. — Forces that work on fuzes. 


used to align the fuze firing mechanism so that 
it will function on impact. 

Impact (fig. 3-8D) is probably the most ob¬ 
vious application of the general principle of 
inertia to fuzes. When the projectile strikes, it 
comes to a stop. But the movable parts inside 
the fuze tend to keep right on going. You can 
use the force developed by this tendency to drive 
a firing pin against a percussion cap to initiate 
the explosive train. Some people think of im¬ 


pact as a kind of creep — but in a very violent 
form. In prinicple, it's true that creep and im¬ 
pact are related, but they are quite different in 
degree, and are used differently in fuze mech¬ 
anisms, so it's best to consider them separately. 

Fuzes are operated also by more conven¬ 
tional energy sources. 

Time fuzes for larger caliber projectiles are 
driven by springs, because the relatively slow 
rotation of these projectiles doesn't produce 
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enough centrifugal force to run the clockwork 
reliably. Older time fuzes (no longer in use) 
consist of slow-burning powder trains of ad¬ 
justable length, rather than clockwork. The pow¬ 
der is ignited by setback, which drives a firing 
pin into a percussion cap. 

Proximity fuzes in projectiles are miniature 
radio transmitters and receivers, powered by 
tiny battery cells. The cells are activated by 
setback. When the projectile approached closely 
to a target, the radio waves sent out by the 
transmitter are reflected back to the receiver in 
sufficient strength to close a circuit that ini¬ 
tiates fuze action. 

Most projectile fuzes use a small detonating 
charge to set off the explosive train. These are 
detonating fuzes. Some fuzes, however, are called 
ignition fuzes because they are designed to 
produce a flame that will set off an explosive 
sensitive to flame (usually black powder). 

Fuze nomenclature also often indicates the 
physical location of the fuze in the projectile 
(fig. 3-24). Thus we have point or nose fuzes, 
and base fuzes. (Fuzes in bombs and other pro¬ 
jectiles may be located elsewhere, too.) 

In general, proximity, time, and percussion 
fuzes are in the projectile nose. Auxiliary det¬ 
onating fuzes are located just behind the nose 
fuze. In AP projectiles (in which the hardened 
cap makes no provision for fuzes), the fuze is 
in the base. In some projectiles, like AA com¬ 
mon, the time fuze in the nose is likely to fail 
on impact with even light armor, so the pro¬ 
jectile has also a base-deontating (impact) fuze 
in the base. 

A fuze is intended not only to explode the 
burster charge at the right time; it is intended 
also to prevent explosion at the wrong time. A 
fuse is armed when it is made ready to function. 



POINT MECHANICAL AUXILIARY BASE 

DETONATING TIME DETONATING DETONATING 


84.13 

Figure 3-24. — Fuze locations. 


When (as for example, before firing) it is set 
sc as not to function, it is safe. 

Fuzes have safety features to protect those 
who handle ammunition. These safety features may 
be put out of action by the time the projectile 
reaches the enemy. Some of the features are 
canceled by hand or mechanically before the gun 
is loaded. Others depend on the forces developed 
by the actual firing to arm the fuze. Fuzes that 
are armed only after the projectile leaves the 
gun muzzle are called BORESAFE. Projectiles 
40mm and larger are usually boresafe; projec¬ 
tiles 20mm and smaller generally are not. This 
is important for you to remember when handling 
smaller caliber fuzed ammunition. 


IDENTIFICATION OF AMMUNITION 

Distinguishing colors and markings are nec¬ 
essary to properly identify ammunition, am¬ 
munition components, and ammunition containers. 
Identification of Ammunition, OP 2238, latest 
revision, serves as a guide for identifying by 
color, markings, and lettering all types of Navy 
gun ammunition, Navy rockets, projector charge 
ammunition, underwater ordnance, bombs, dem¬ 
olition material and pyrotechnics. 

There now are two different color coding 
systems used by the Navy to identify ammunition. 
These systems classified as the old and new 
system are explained in OP 2238. Ammunition 
encountered within the fleet could be painted and 
marked under either the old or new color coding 
system. 

Current instructions state that servicable am¬ 
munition not conforming with the new color coding 
system shall not be repainted merely to conform 
with the new system. Servicable ammunition re¬ 
gardless of the color coding used will continue to 
be issued to the fleet. However, all newly pro¬ 
duced and newly loaded ammunition, and ammuni¬ 
tion overhauled, renovated, or modified ashore 
must have the new color code markings applied. 

Since two color code systems will exist for 
some time, all personnel concerned with am¬ 
munition must be familiar with both systems. 
Where a choice exists, during firing, a pref¬ 
erence should be given to expending ammunition 
with the old color code. In the following para¬ 
graphs we'll discuss both the old and new methods 
of color coding and marking gun-type ammunition 
(3-inch and larger). 
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OLD SYSTEM 


In the old color-coding system a body color 
was applied from the base to a point on the ogive 
of the projectile to indicate the type of projectile. 
This "point was located at a distance of one caliber 
from the nose of the projectile or from the base 
of the nose fuze. The rotating band was not 
painted, and the area behind the rotating band, 
including the base of the projectile, was not 
painted on projectiles for fixed ammunition. 
Projectiles for separate loading ammunition were 
painted with the body color behind the rotating 
band, including the base end. The following color 
code was used to indicate the type of projectile: 


Type of Projectile 


Body Color 


AP 

COM 

AA 

AAC 

HC 

FCL (VT) 
NON-FRAG 
ILLUM 
TAR 


Chemical (Smoke, 
Gas, Incendiary) 
Window 


Black 

Slate 

Green 

Green 

Green 

Green 

Green 

Light Blue 

Red 

Ocean-Gray 

Aluminum 


Explosive or inert-loaded projectiles were 
painted a color to indicate the kind of burster 
charge or projectile load at a distance of one 
caliber from the nose of the projectile or from 
the base of the nose fuze. The burster charge 
color was applied to dummy nose plugs and to 
projectile adapters assembled with the projectiles 
but was not applied to nose fuzes. The following 
color chart was used to indicate the kind of 
burster charge or projectile load: 


Projectile Load 
or 

Burster Charge Color 


Explosive D 
Composition A 
Inert Material with 
Color Burst Unit 
Inert Material or Empty 


Yellow 
Medium Blue 

Slate 

Red 


Illuminating, chemical, and window projectiles 
were not painted with a burster charge or pro¬ 
jectile load color; this area was painted the same 
as the body color. 


In addition to the body color and the burster 
charge color, projectiles were marked to indi¬ 
cate certain characteristics, such as the presence 
and color of a tracer, a dye load, a color burst 
unit, or a chemical filler, as follows; 

1. A tracer was indicated by a white band 
around the circumference of the projectile im¬ 
mediately behind the burster charge color. If 
a colored tracer was used, four dots corre¬ 
sponding in color to the tracer were painted on 
the white band. These dots were equally spaced 
90° apart on the band. 

2. Projectiles having a windshield which con¬ 
tained a dye load were painted with a band one- 
inch wide. This band corresponds in color to 
the dye-load color and was located at a distance 
of one caliber plus one inch from the tip of the 
projectile nose. When the dye load color and the 
color indicating the type of projectile were the 
same, which was the case of target projectiles 
loaded with a red spotting color, a white band 
3/8-inch wide was painted around the circum¬ 
ference of the projectile, beginning at a distance 
of one caliber plus two inches from the tip of the 
projectile nose. 

3. Projectiles containing a color burst unit 
were painted with a band one-inch wide, placed 
at a distance of 1/2 inch from the base of the 
nose fuze. The band corresponds in color to the 
color burst (red or yellow) except the band was 
omitted when the color burst was gray. 

4. Three-inch and larger chemical-filled pro¬ 
jectiles were marked with a band or bands. 
The bands were painted around the circumference 
of the projectile with the forward edge of the 
band placed at a distance of 1-1/2 inches behind 
the forward bourrelet. 

5. A projectile assembled with a mechan¬ 
ical time fuze was painted with a 1/4-inch by 
2-inch white stripe on the projectile adjacent to 
the stationary setting lug or groove of the fuze. 
The 2-inch dimension was measured along the 
axis of the projectile. 

In addition to the markings described in the 
preceding paragraph chemical, illuminating, and 
window projectiles and projectiles assembled 
with VT fuzes were marked as follows: 

1. Chemical projectiles were marked with 
the symbol for the chemical agent and a word 
indicating the type of agent was stenciled on 
the projectile in 3/4-inch letters, for example, 
WP-SMOKE. The marking was placed around the 
circumference of the projectile between the 
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chemical filler indicator band and the forward 
bourrelet, and appears three times if space per¬ 
mits. Standard symbols for chemical warfare 
agents as listed in Chapter 1. 

2. Illuminating projectiles were marked with 
two white stars placed behind the forward bour¬ 
relet and 180° apart. The size of each star was 
such as to fit into a circle whose diameter was 
the same as the diameter of the projectile. 

3. Window projectiles were marked with two 
letters "W" 1-inch high and placed 180° apart. 
They were located just aft of the forward bourrelet. 

4. Projectiles assembled with VT fuzes were 
marked with the letters "VT" in 3/4 inch high 
letters. The letters were in two places 180°apart 
just forward of the rear edge of the paint indi¬ 
cating the burster charge. 

NEW SYSTEM 

In the new color coding system for 3-inch 
and larger projectiles, the colors are applied as 
over all body colors, as appropriately colored 
circumferential bands, or as a combination of 
colors when the need exists, in accordance with 
figure 3-25. Nose fuzes and rotating bands are 
not painted; however, when a dummy nose plug or 
projectile adapter is assembled with the pro¬ 
jectile, it is painted. When circumgerential bands 
are used, the first (or forward) band begins at 
the base of the nose fuze or the tip of the pro¬ 
jectile nose. It is equal in width to half the caliber 
but does not exceed three inches. When a second 
band is used, it is placed immediately behind 
the forward band and is equal to 1/4 the caliber 
but does not exceed 1-1/2 inches. Figures 3-26 
and 3-27 compare the old and the new color 
coding systems. Projectiles are further marked 
to indicate characteristics such as the presence 
and the color of a tracer, a dye load, a color 
burst unit, or a chemical filler, according to the 
following: 

1. The presence and the color of a tracer 
is indicated by three T's in the same color as 
the tracer. The letters are located on the ogive 
of the projectile. 

2. Projectiles having a windshield which con¬ 
tains a dye load are marked with three D's 
in the same color as the dye load. The letters 
are located on the ogive of the projectile. 

3. Projectiles containing a color burst unit 
are marked with three C's in the same color 
as the color burst unit. The letters are located 
on the ogive of the projectile. 


4. Projectiles having a chemical filler (war 
fases) are marked with narrow red or green 
bands as shown in figure 3-25. 

5. A projectile assembled with a mechanical 
time fuze normally is painted with a white stripe 
1/4-inch by 2-inches, which is longitudinally 
placed on the projectile adjacent to the stationary 
setting lug or groove of the fuze. If the background 
color is light, the stripe will be black. 

In addition to the above markings, chemical 
projectiles are marked with the symbol for the 
chemical agent. For toxic or irritant agents, 
the symbol is marked in the same color as the 
bands denoting the type of agent. For a pro¬ 
jectile containing a white phosphorus smoke 


Color 

Interpretation 

Service Ordnance 


Yellow 

High Explosive 

Brown 

Low Explosive or 

Gray 

Propellant 

Toxic or Irritant 

Gray with red band(s) 

Agents 

Irritant Agent 

Gray with dark 

Toxic Agent 

green band(s) 

Black 

Armor Piercing 

Silver/Aluminum 

Counter-Measures 

Light Green 

Smoke-Producing or 

Light Red 

Marker 

Incendiary or Highly 

White 

Flammable 

Illuminating 

Training Ordnance 


Bronze 

Drill/Inert/Dummy 

Blue 

Practice/Target 

Orange 

Exercise/Recoverable 

Non-Significant Colors 


Olive Drab 

All Ordnance 

Black 

For Lettering 

White 

For Lettering 


84.306 

Figure 3-25. — Interpretation of new color-coding 
system. 
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Figure 3-26. —Typical color coding for 3-inch and larger projectiles. 
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Figure 3-27. — Typical color coding for 3-inch and larger projectiles. 
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filler, the symbol color is light red. The symbol and for window projectiles which had black let- 
is located on the ogive of the projectile just tering. In the new color-code system, the following 
behind the nose fuze. colors are used for lettering: 


Lettering 

Projectiles of 3-inch caliber and larger are 
lettered on the body by the manufacturer with the 
following information: 

1. Caliber and type of projectile. 

2. Mark and Mod of projectile. 

3. Manufacturer's initials or symbol. 

4. Lot Number. 

5. Serial Number. 

6. Year of manufacture. 

The same information, except the serial num¬ 
ber, is die-stamped on the rotating band of the 
projectile body along with the inspector's initials 
and stamp. Projectiles containing base plugs 
are die-stamped with the serial number, the 
drawing number, and the piece number on the 
base plug. 

The loading activity applies lettering around 
the circumference of the projectile between the 
rotating band and the forward bourrelet. The top 
edge of the lettering is toward the nose-end of 
the projectile. The new system is similar to the 
old except for the color of the letters. The old 
system used white letters on projectiles, except 
for chemical-filled projectiles which had the let¬ 
tering in the same color as the indicator bands 


Projectile Type Color 

AP, COM, VT, HC, AA, AAC Yellow 

Countermeasure, Window Smoke 
(other than WP) Black 

VT (Non-Frag), Ilium, Target 
Practice White 

Smoke (WP) Light 

Red 


The following information is typical of that 
applied to projectiles by the loading activity, 
when applicable: 

1. Caliber, type of projectile and filler (for 
service projectiles only). 

2. Ammunition lot number. 

3. Mark and Mod of projectile. 

4. Mark and Mod of nose fuze, SD or NSD 
if applicable. 

5. Mark and Mod of ADF, if applicable. 

6. Mark and Mod of BDF, if applicable. 

7. Mark and Mod of Ilium load or W load 
(for illuminating or Countermeasure only). 

8. Mark and Mod of gun in which the pro¬ 
jectile can be used. 

9. FSN (including DOD Code). 

Figure 3-28 illustrates area for lettering 3-inch 
and larger projectiles. 


AREA FOR MARKING 



AREA FOR 
LETTERING 


84.308 

Figure 3-28. —Stenciling for 3-inch and larger projectiles. 
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MAGAZINES 

The term "magazine" applies to any com¬ 
partment, space, or locker which is used, or 
intended to be used, for the stowage of explosives 
or ammunition of any kind. 

The term magazine area includes the com¬ 
partments, spaces, or passages on board ship 
containing magazine entrances, which are in¬ 
tended to be used for the handling and passing of 
ammunition. The term is also used to denote 
areas adjacent to, or surrounding explosive 
stowages, including loaded ammunition lighters, 
trucks, and railroad cars, where applicable 
safety measures are required. 

MAGAZINE TYPES 

There are three types of magazines—a pri¬ 
mary magazine, ready service magazine, and 
ready service stowage magazine. Magazine types 
depend upon the ease of supply, the magazine 
location, and the security requirements of their 
contents. 

Primary Magazines 

Primary magazines are designed as ammuni¬ 
tion stowage spaces, generally located below the 
main deck, and insofar as is practicable, below 
the water line. They are adequately equipped 
with insulation, ventilation, and sprinkling sys¬ 
tems. These spaces must be provided with fittings 
so that they may be locked securely. Primary 
magazines accommodate a vessel’s complete 
allowance of ammunition for peacetime operation. 

Ready Service Magazines 

Ready service magazines are spaces physical¬ 
ly convenient to the weapons they serve. They 
provide permanent stowage for part of the am¬ 
munition allowance. Normally they are equipped 
with insulation, ventilation, and ammunition 
sprinkling systems, and should be secured by 
locking. The combined capacities of primary and 
ready service magazines are normally sufficient 
to stow properly the allowance for war and emer¬ 
gencies. 

Ready Service Stowage 

Ready service stowages are those ammunition 
stowage facilities in the immediate vicinity of 
the weapon served. They include weather deck 
lockers, bulwark (gun shield) racks, and 5-inch 


upper handling rooms. This stowage normally is 
filled only when the weapon is to be fired. There 
is little security for ammunition in such stowage, 
and it provides the least favorable protection 
from the elements. 

All magazines are marked by appropriate 
label plates showing the compartment number and 
the types of ammunition to be stowed therein. 
Insofar as is practical, magazines are designed 
to hold a single type of ammunition. 

MAGAZINE DESIGNATIONS 

The following designations are given for 
magazines whenever a single-purpose stowage 
is practical. 

1. Powder magazines 

2. Fixed-ammunition magazines 

3. Small arms magazines 

4. Warhead lockers 

5. Projectile magazine or rooms 

6. Bomb magazines 

7. Fuze magazine 

8. Detonator lockers 

9. Pyrotechnic magazine or locker 

While stowage of a single type of ammunition 
in individual magazines is desirable, it is not 
always possible due to space limitations. Where 
a ship’s mission requirs carrying various types 
of ammunition, stowage of more than one type 
in one magazine is acceptable. Current NAVORD 
instructions, authorize certain mixed stowage in 
magazines which maintain a single purpose desig¬ 
nation. 

Authorization of such stowage is at the dis¬ 
cretion of the operational commander. Such mixed 
stowage does not include B/C weapons and or 
pyrotechnics which have been removed from con¬ 
tainers, or fuzes and detonators which are not 
integral parts of, or assembled within the am¬ 
munition. These items must be stowed in accord¬ 
ance with the current instructions related to the 
particular items. 

Where mixed stowage of ammunition is nec¬ 
essary, precautions should be taken to ensure that 
the various types of ammunition are segregated 
within the magazine and that each type is suitably 
marked for ready identification. 

MAGAZINE SECURITY 

In peacetime, all magazines, explosive lock¬ 
ers, ready service lockers and all areas such as 
ammunition hoists leading into magazine spaces 
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are kept closed and locked, except when they are 
opened for inspection, ventilating purposes, for 
testing, or for authorized work. These spaces 
are not entered unnecessarily and are opened only 
when authorized by the weapons officer who is 
responsible for ensuring that the spaces are locked 
when the purpose has been accomplished. 

Magazine keys are placed in the care of the 
commanding officer or an officer specially auth¬ 
orized by the commanding officer as custodian 
of magazine keys. 

In time of war, and at the discretion of the 
commanding officer, magazines, explosive lock¬ 
ers, and ready service boxes, need not be secured 
with locks, but they must be tightly dogged except 
when in use. 

Security Of Nuclear 
Weapons Magazine 

Nuclear weapons, because of their strategic 
importance, public safety considerations, and pol¬ 
itical implications, require greater protection 
than their security classification alone would 
warrant. The special shipboard installations re¬ 
quired for the safety and security of these wea¬ 
pons varies with the type of ship and weapon 
involved. As a GMG your association with nuclear 
weapons will be limited, probably to the ASROC 
weapon system. It is also possible that because 
you are in the GM rating, you might be called 
upon to take part in a ship’s safety and security 
program for nuclear weapons. 

The following discussion provides a basis for 
determining the minimum security requirements 
for nuclear weapon spaces. The definitions listed 
below are those used throughout the Navy in 
connection with nuclear weapons. 

a. Access: Applied to nuclear weapons, phy¬ 
sical access which permits the opportunity to 
cause a nuclear detonation. 

b. Exclusion Area: A security area which con¬ 
tains one or more nuclear weapons or one or more 
components of a nuclear weapon system. The 
nature of the area is such that mere entry con¬ 
stitutes access to the nuclear weapon or per¬ 
mits the arming, launching or firing of a weapon. 

c. Limited Area: A security area containing 
one or more nuclear weapons or one or more com¬ 
ponents of a nuclear weapon system that allow 
the arming, launching, firing or releasing of a 
weapon. Within this area, guards or internal con¬ 
trols, depending on the nature of the activity, 
can prevent access by unauthorizedpersonstothe 


nuclear weapon or can prevent the arming, launch¬ 
ing or firing of a weapon. 

d. Nuclear Weapon: Any complete assembly is 
its intended ultimate configuration which upon 
completion of the prescribed arming, fuzing and 
firing sequence, is capable of producing the in¬ 
tended nuclear reaction and release of energy. 

SAFETY STANDARDS.—Safety and security 
are considered to be synonymous when it comes 
to nuclear weapons. The main objective is to 
prevent an inadvertent or deliberate nuclear 
accident or incident. The standards governing 
the installation of safety equipment and facilities 
for protecting the nuclear weapons must be in 
accordance with the criteria set forth in current 
NAVSHIPS and OPNAV instructions. Following 
are some of the standard requirements for sur¬ 
face ships: 

1. A security station must be provided at the 
main entrance to a nuclear weapon space or 
space complex. 

2. Hatches used as secondary personnel en¬ 
trances to nuclear weapons spaces must be dogged 
in such a manner as to be operable only from 
within the secured space. 

3. Two padlocks or combination locks must 
be installed on the main entrance to a nuclear 
weapon space or space complex. Prior to, and 
after installation, the keys and combinations to 
the locks are classified SECRET. 

4. Separate security lockers must be pro¬ 
vided for stowing removable warhead components. 
Where space is available, these lockers must be 
mounted in an exclusive or limited area. Where 
space is not available, the location is determined 
on an individual basis depending on the weapon 
system, the type of ship, and the item to be stowed. 

5. A security alarm system (circuit FZ) is 
required for all nuclear weapon spaces and space 
complexes except for special weapon spaces on 
aircraft carriers. Security protection for these 
spaces is provided by a Marine detachment. The 
purpose of the FZ alarm system is to detect 
unauthorized entry into spaces containing nuclear 
weapons. A master control panel, usually lo¬ 
cated in damage control central, controls the op¬ 
eration of the FZ alarm circuit. The master 
control panel is locked and the keys classified 
SECRET. Installation requirements for the FZ 
circuit vary with the ship type and weapon system. 
Minimum requirements for the ASROC system 
call for the FZ circuit to be installed in the fol¬ 
lowing areas: 
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a. Main personnel entrances to exclusion 
and limited areas. 

b. Other personnel entrances to exclusion; 
areas located above the main deck, which open to 
the weather decks. This safeguard prevents un¬ 
authorized use of these entrances for personal 
convenience and natural ventilation. 

INSPECTION OF MAGAZINES 

The periodical (daily, weekly, fortnightly, 
monthly, bimonthly, quarterly, semiannual, or 
annual) inspections of magazines and their con¬ 
tents must be conducted aboard ship and ashore 
in accordance with instructions contained in ap¬ 
plicable publications. 

Magazine Temperature 

The main item of a daily routine inspection is 
to check and record the temperature of the maga¬ 
zine. (Temperature is the most important single 
factor that affects powder stability.) Temperature 
readings normally are taken once a day. A ther¬ 
mometer capable of indicating the highest and 
lowest temperature reached since the last in¬ 
spection is used. The thermometer, commonly 
called a maximum-minimum thermometer, (fig. 
3-29) is a U-shaped mercury-filled glass tube 
with two bulbs. Present temperature can also be 
read by noting the level in either arm of the tube. 
(Both sides should read approximately the same.) 
The temperature recorded in the pictured in¬ 
strument is approximately 95°, which would 
call for some drastic action if it were actually 
on a magazine bulkhead. 

Maximum temperature is read by noting the 
level of the bottom edge of the little steel index 
marker against the right-hand scale, which in¬ 
creases upward. (The picture shows it at just 
over 100°, another excessive temperature, for a 
magazine.) 

Minimum temperature (here a little over 45°) 
is read on the left-hand scale against the bottom 
edge of the little steel marker. The minimum 
scale increases downward. 

To zero the instrument, a small horseshoe 
magnet is run against the glass tube to draw 
each steel index marker down to the level of the 
mercury. Zero the thermometer on both sides 
after you have recorded the maximum and mini¬ 
mum readings. 

Magazines should be equipped with two max¬ 
imum-minimum thermometers — one in the cool¬ 
est part of the magazine, and one in the warmest. 
Others may be used where it is considered 


necessary to have additional data on parts of the 
magazine that may get too warm — bulkheads near 
the steam lines, for example. 

Since powder, under usual stowage condi¬ 
tions, deteriorates continuously, even if slowly, 
it will eventually become dangerous. It is just a 
matter of time—fortunately, a good long time, 
under normal circumstances; but temperature 
readings are not enough for keeping track of the 
powder’s stability. Records of the powder's age 
and chemical characteristics are needed and the 
powder must be kept continuously under test to 
verify its condition. 

Records Of Magazine 
Inspections 

Like other maintenance procedures, maga¬ 
zine inspections and ammunition surveillance 
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Figure 3-29. — Maximum-minimum thermometer. 
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operations are performed periodically according 
to a prescribed schedule. The magazine inspec¬ 
tions and surveillance operations at present 
prescribed for all United States naval vessels 
are listed in OP 4. 

Written records must be kept of all mainte¬ 
nance operations, whether they are routine or 
not. As far as magazine inspections and am¬ 
munition surveillance are concerned, the most 
common written records are the magazine temp¬ 
erature record (fig. 3-30(A)) and the daily maga¬ 
zine temperature report form (fig. 3—30(B)). 

The magazine temperature record is a card 
posted in each magazine. On it you enter every 
day the maximum and minimum temperatures 
recorded for the previous 24 hours in that maga¬ 
zine. The card is replaced every month, and the 
old one is turned over to the weapons officer. 

The daily magazine temperature report sum¬ 
marizes the results of magazine inspections for 
the whole ship. This form includes not only 


spaces for entering the highest and lowest maga¬ 
zine temperature, but also for reporting the 
condition of the magazines and their ventilating 
device, and (under remarks) for miscellaneous 
nondaily routine work. 

The daily magazine temperatures are trans¬ 
ferred from the record cards to a magazine log, 
which is a permanent record of all magazine 
temperatures. A separate section of the maga¬ 
zine log should be set aside for a record of the 
results of the monthly sprinkling systems tests. 

Magazines are considered to be in normal 
condition if inspection shows the following to 
be true: 

1. Magazines and magazine areas are well 
insulated as protection against abnormal high 
temperatures. 

2. Magazines are dry, well ventilated, and 
in good repair. 

3. Magazine doors can be secured against 
unauthorized entry. 
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Figure 3-30. —Magazine records—A. Magazine temperature record. B. Daily magazine temperature 
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4. The interior of the magazine is clean and 
orderly with contents so grouped as not to ex¬ 
ceed prescribed heights and quantities. 

5. The atmosphere in and around the maga¬ 
zine is free from excessive ether-alcohol fumes. 

6. Visual samples are free from fumes and 
are shown by the violet-paper test to be in 
ser vie able condition. 

7. The temperature does not show readings 
above 100°F. (Maximum and minimum tempera¬ 
ture readings are recorded and reported to the 
OOD.) 

8. Requirements outlined on applicable stow¬ 
age charts are met. 

9. Containers are in satisfactory condition. 

10. Contents of the magazines are identified 
and segregated by lot numbers. 

11. Loose rounds, damaged containers, paint, 
oils, waste, rags, dunnage not in use, and other 
prohibited articles are not present in any maga¬ 
zine. 

12. Magazines are properly identified by pla¬ 
cards, inside and out. 

13. Ammunition, explosives, and loaded com¬ 
ponents are not stowed outside appropriate and 
designated magazine areas. 

14. Boxes and other containers are securely 
closed. 

15. Firefighting equipment is in operating 
condition. 

The inspection afforded shipboard magazines 
is basically the same for magazines ashore. 
Those responsible for ammunition ashore must be 
familiar with all instructions and procedures 
governing the inspection and maintenance of all 
ammunition and magazine areas. All magazines 
should be inspected in detail every day. Where 
this is impossible due to lack of personnel, one 
or more magazines which are representative of 
each group or type of magazine must be inspected 
daily. The results of any and all inspections are 
recorded in the magazine logs (and rough and 
smooth OOD logs) over the signature of the 
person making the inspection. 

There are several matters which are not 
common to shipboard magazines, but which do 
apply to magazines ashore. One is that a definite 
firebreak is necessary around all the magazines. 
It must be of prescribed width and should be 
kept free of rubbish and other flammable ma¬ 
terials at all times. Another is that all ammu¬ 
nition, explosives and components thereof must 
be stowed in the designated and appropriate 
magazines. They cannot be stowed in buildings 
used for other purposes. The requirements for 


normal magazine conditions for magazines ashore 
are the same as those for aboard ship. 

If any abnormal or hazardous condition is 
found to exist, the matter should be reported 
at once to the commanding officer and prompt 
measures should be taken. Normal reports and 
the facts pertaining to any abnormal conditions 
must be enetered in the OOD log. 

Special Inspection Requirements 

ROCKETS. — Rockets are usually stowed with 
their heads and motors packaged in separate 
magazines. A limited number of rockets complete 
with fuze may be stowed temporarily in ready- 
service lockers. The inspection requirements for 
the motors are similar to those for ballistite. 
Most rocket heads have no special inspection 
requirements. However, rocket heads over 200 
pounds gross weight are classified as bomb type 
ammunition and must be inspected as such. 

INITIATING DEVICES. — Fuzes,primers, det¬ 
onators, and similar initiating devices should be 
inspected to insure that they are properly segre¬ 
gated in identified logs according to type, enclosed 
in suitable tightly closed containers, and well 
protected from moisture. 

SMALL-ARMS AMMUNITION. — Small arms 
ammunition must be inspected to determine that 
full boxes are properly marked and sealed, in¬ 
tact, and that the lids or covers of partially 
filled boxes are securely closed and appropri¬ 
ately marked. 

PYROTECHNICS AND CHEMICAL AMMUNI¬ 
TIONS. — Pyrotechnics and chemical ammunition 
frequently are characterized by a definite, stated 
length of life, beyond which deterioration may be 
expected. 

The inspector should, therefore, examine the 
markings closely for dates of manufacture and 
expiration dates of storage. He should also insure 
that the containers are not rusty, corroded, 
nor leaking, that they are tightly sealed, and the 
contents protected against moisture. Special fire 
extinguishing agents and equipment, if required, 
should be examined to assure their availability 
and serviceability. Gas masks or other pro¬ 
tective equipment, if required, should be avail¬ 
able and serviceable. 
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MAGAZINE SPRINKLING 
SYSTEM 

Sprinkling systems are used for emergency 
cooling of, and fire fighting in, magazines, ready 
service rooms, ammunition and missile handling 
areas, turrets, and some enclosed mounts. A 
magazine sprinkling system consists of a network 
of pipes secured to the overhead and connected 
by a sprinkling system control valve to the ship's 
salt water fire-main. The pipes have small holes 
which are arranged so that the water forced 
through them.showers all parts of the magazine 
or ammunition and missile handling areas. A 
modern sprinkling system can wet down all 
exposed bulkheads at the rate of 2 gallons per 
minute per square foot and can sprinkle the deck 
area at a rate of 4 gallons per minute per square 
foot. Magazine sprinkling systems are designed 
so that they are capable of completely flooding 
their designated spaces within an hour. To prevent 
unnecessary flooding of adjacent areas, all com¬ 
partments equipped with sprinkling systems are 
watertight. Upper deck handling and ready service 
rooms are equipped with drains that limit the 
maximum water level to a few inches. Magazines 
are completely enclosed; if flooded, they would 
be exposed to the full firemain pressure. The 
firemain pressure on most ships is considerably 
higher than the pressure that magazine bulkheads 
could withstand; therefore, magazines are equip¬ 
ped with exhaust ventilators that are located in 
the bulkhead near the overhead. An exhaust vent¬ 
ilator is a pipe with a check valve that permits 
pressure release (usually to the topside). Since 
the diameter of the pipe is large enough to 
allow water to flow out as fast as it flows in, 
no excess pressure can build up in the maga¬ 
zine compartment. 

On newer ships, magazines are also equipped 
with small, capped drainpipes located in the bulk¬ 
head near the deck. The caps may be removed in 
the adjacent compartment to drain flooded maga¬ 
zines. 

In their complexity, the sprinkling system 
control valve and associated components vary 
with the type of ship, type of stowage, and type 
of ammunition or missile stowed in the maga¬ 
zine. In ready service areas of combat ships 
and in certain magazines of auxiliary ships, 
a simple globe valve or gate valve is installed 
for sprinkling the magazine. This valve is manu¬ 
ally controlled by a handwheel or some other 
mechanical device located outside the stowage 
or handling area. The control valve is connected 
to the handwheel by mechanical linkage (reach 


rods). On combat ships, magazines are nor¬ 
mally divided into groups. The sprinkling of 
each group is controlled by a master group 
control valve. This valve can be manually op¬ 
erated or can be hydraulically controlled from 
one or more remote control stations. A typical 
magazine sprinkling system remote control with 
two types of hydraulic control valves is shown 
in figure 3-31. 

There are three types of hydraulic controlled 
sprinkling systems the oil operated dry type, 
salt water operated dry type, and salt water 
operated wet type. Since all three of these types 
of systems may be installed aboard the same 
ship and the testing procedure is slightly different 
in each case, it is important that the testing 
instructions be adhered to. 

Oil Operated Sprinkling System 

The hydraulic sprinkling system (main) control 
valve, shown in figure 3-32 is used on ships 
built after 1951. This is a piston-operated globe 
valve, normally held closed by spring pressure 
acting on the piston and firemain pressure acting 
on the disk. When hydraulic pressure enters 
the underside of the piston, a force is created 
that overcomes both the spring tension and fire¬ 
main pressure, lifting the valve disk off its seat 
and allowing salt water from the firemain to 
flow through the control valve to the sprinkling 
system piping. The valve is closed by spring 
action when the hydraulic pressure is vented from 
under the valve piston. In an emergency, the con¬ 
trol valve can be manually opened by means of a 
ratchet wrench. 

It should also be noted that his new type of 
control valve has a test casting and flushing 
adaptor built into the dry side of the body of the 
control valve. The old type of control valve has 
no flushing and test casting built into its body; 
therefore, a special flushing and test casting 
are installed on the dry side of the control valve. 

In the old type of control valve, hydraulic 
pressure is ported to the top of the valve piston, 
and the disk moves down (schematically) when the 
valve opens. The functions of the old type of 
hydraulic sprinkling system control valve are 
similar to those of the new type; however, two 
springs, instead of one, located outside the valve 
casing, are utilized to close the valve. 

An oil supply tank, located at each remote 
control station, provides the hydraulic fluid for 
operating the sprinkling system control valve. The 
average tank holds approximately 2 gallons of hy¬ 
draulic fluid. The size of each tank depends on the 
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Figure 3-31. — Hydraulically operated magazine sprinkling system. 
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Figure 3-32. —Hydraulically operated control 
valve (new type). 


size and number of valves to be operated from 
the remote control station. The types of tanks 
are similar, except for the oil level indicators. 

Each remote control station has an oil pres¬ 
sure gage installed which indicates the hydraulic 
pressure developed by the hand pump. In addition, 
some control stations also have water gages 
installed which are connected to the dry side of 
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Figure 3-33. —Types of oil supply tanks. 


the control valve and which provide pressure 
indication only when the magazine is being 
sprinkled. In one type of tank a dipstick is used; 
in the other a sight glass is installed. Refer to 
figure 3-33. 

On certain ships, light indicators are in¬ 
stalled at the remote control stations to indi¬ 
cate whether the sprinkling system control valve 
is open or closed. The lights are controlled 
by switches installed on the sprinkling control 
valve. Normally, either water gages or indicating 
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Figure 3-35. —Hydraulic filter assembly. 
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Figure 3-36. — Four-way control valve. 
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lights are used; however, a few ships have both 
devices installed at each remote control station. 

The hand pump, shown in figure 3-34, is made 
of bronze. It is a rotary gear type of pump which, 
when rotated clockwise, provides the hydraulic 
pressure required to operate the sprinkling 
system. The pump handle is removable and is 
normally stowed on the bulkhead at the remote 
control station. 

The filter assembly is located in the hand 
pump intake line at the remote control station. 
(Refer to figure 3-35) The assembly filters out 
the particles of foreign matter from the hy¬ 
draulic fluid, thus preventing damage to the 
equipment and possible interference in the sprink¬ 
ling system's operation. The filter element should 
be replaced at each overhaul. 

A spring-loaded, swing check valve is lo¬ 
cated in the pump output line. The valve prevents 
the system pressure from escaping through the 
pump to tank. 

SPRINKLING CONTROL VALVE. —A 4-way 
control valve, shown in figure 3-36 is located 
in the pump output line, between the swing check 
valve and the power operated check valve. This 
valve controls the fluid flow through four hy¬ 
draulic lines. The valve body (cock) is arranged 
so that the pressure port (pump output) can be 
directed either to the open port or close port 
of the sprinkling system. Simultaneously, the 
port (open port or close port) which is not con¬ 
nected to pressure is connected to the return 
(tank). When the 4-way valve control handle is 
positioned to NEUTRAL, the pressure port is 
blocked and the close port and open port are 
connected to tank. A spring-loaded relief valve 
is located in the pump output line. The spring 
is adjusted to limit the pump output pressure to 
375 psi. If the pressure in the system exceeds 
this amount, the relief valve lifts to bypass the 
excess hydraulic fluid to tank. 

The power-operated check valve is located 
between the 4-way control valve and the hy¬ 
draulic sprinkling system control valve. The check 
valve either connects the pump output to the 
piston of the sprinkling system control valve or 
allows the hydraulic fluid from the sprinkling 
system control valve to return to tank. When the 
4-way control valve is positioned to OPEN and 
the pump handle is turned, hydraulic fluid from 
the pump is connected to the power-operated check 
valve. The pump pressure lifts the poppet, and the 
fluid is ported to the sprinkling system control 
valve. As soon as the pump is stopped, the poppet 
is spring-returned to its seat, thus blocking the 


hydraulic fluid to the sprinkling system control 
valve and holding the valve open. To close the 
sprinkling system control valve, the 4-way valve 
must be positioned to CLOSE, and the hand pump 
must be operated again. The pump output is di¬ 
rected to the port of the power-operated check 
valve which is located below (schematically) the 
piston. The hand pump volume moves the piston 
up and forces the poppet off its seat, allowing 
the trapped hydraulic fluid from the sprinkling 
system control valve to return to tank, thereby 
enabling the spring in the sprinkling system con¬ 
trol valve to seat the disk. 

The small cylinder, power-operated check 
valve shown in figure 3-37 is designed for hy¬ 
draulic operation only, while the large cylinder 
check valve may be either hydraulically or water 
operated. 

Test castings are used with both the old and 
new types of sprinkling system control valves. 
The test castings are always located on the dry 
side of the control valves. They provide a means 
of checking the sprinkling system without flooding 
the magazine. The castings also allow flushing 
of the sprinkling system. 

Test Fittings 

The test fitting assembly for the sprinkling 
system's new type of main control valve is shown 
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Figure 3-37. —Power operated check valves. 
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in the illustration in figure 3-38. Note that the 
test fitting is threaded into the control valve 
after the body cap has been removed. When the 
cap of the test fitting is removed, a hose can be 
connected to the fitting for flushing the sprinkling 
system. 

The test casting shown in figure 3-39 is used 
with the old type of main control valve. The disk 
(flapper) is closed, and a wedge bar is inserted 
into the casting to hold this disk closed before 
the sprinkling system is tested or flushed. 
(The illustration shows a simple, manually 
operated sprinkling system main control valve.) 

The following is a description of operational 
procedures for sprinkling a magazine which be- 
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Figure 3-38. —Test fitting for sprinkling system 
testing and flushing, new type. 


came overheated due to a nearby fire. It is 
assumed that the sprinkling is controlled from a 
remote control station. 

To set up the control station, the hand pump 
handle must be installed and the 4-way control 
valve must be positioned to OPEN, as indicated 
on the nameplate of the valve. 

CATUION: Some control stations may 
sprinkle two magazine groups; therefore, 
those control stations are equipped with two 
4-way control valves. Care must be taken to 
ensure against sprinkling the wrong maga¬ 
zine. 

The movement of the 4-way valve to the Open 
position connects the hand pump output to the 
underside of the poppet in the power-operated 
check valve. As the hand pump is rotated, oil 
in the output line moves the poppet up and is 
transmitted to the sprinkling system control 
valve piston. In the old type of main control 
valve, the hydraulic pressure developed by the 
hand pump forces the piston down against its 
springs, allowing salt water from the firemain 
to enter the sprinkling system pipes and to cool 
the magazine. 

When the piston has moved the maximum 
allowed distance, pressure in the hydraulic sys¬ 
tem reaches 375 psi and any further hand pump 
output is bypassed through the relief valve to 
the supply tank. 

When the hand pump is stopped, the sprink¬ 
ling system main control valve remains open, 
because the power-operated check valve poppet 
is seated, blocking the fluid flow to the sprinkling 
system main control valve piston. If a water 
gage is installed at the control station, it should 
now indicate that the magazine is being sprinkled. 

To close the sprinkling system main control 
valve, the 4-way control valve must be positioned 
to CLOSE, as indicated on the nameplate of the 
valve, and the hand pump must be rotated again 
in a clockwise direction. Hand pump output is now 
ported to the piston end of the power-operated 
check valve, causing the piston to lift and forcing 
the poppet off its seat. 

As soon as the poppet lifts, the hydraulic 
fluid which was holding the sprinkling system 
control valve open is vented to tank and the sprin¬ 
kling system main control valve is closed by 
spring action. 

CAUTION: Care should be taken to keep 
the pump rotating and to maintain 375 psi on 
the hydraulic gage until the salt water gage 
(if installed) indicates zero. 
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Figure 3-39. —Sprinkling system test casting, old type. 


When the sprinkling system main control 
valve is closed, the 4-way control valve must 
be positioned to NEUTRAL. In this position, 
the 4-way valve blocks the pump output port and 
connects both the open port and the close port 
to tank. When the sprinkling control valve is 
closed the 4-way control valve must be positioned 
to NEUTRAL. 

The sprinkling system just described is found 
mainly in the ammunition magazines of older 
ships. On newer ships and on most redesigned 
ships, the ammunition magazines, special weapon 
spaces, missile magazines, and missile handling 
spaces use firemain water pressure (90 psi) 
to operate the sprinkling system main control 
valve. This salt water actuated system eliminates 
the oil supply tank, hand pump, check valve, and 
relief valve. 

Salt Water Sprinkling System 

The main control valve in the salt water 
system shown in figure 3-40 functions similarly 
to the valve operated by hydraulic fluid except 
that the salt water operated valve cannot be 
opened or closed mechanically and contains a 
sight tube that indicates the condition (open or 
closed) of the valve. 

NOTE: On some ships the salt water system 
was installed without changing the main control 
valve. 


A local control panel for a typical missile 
magazine sprinkling system mounts four manu¬ 
ally operated valves: a manual control valve, 
a pressure cutoff valve, an automatic operation 
cutoff valve, and a pressure gage cutoff valve. 

The panel shown in figure 3-41 also mounts 
five 1-way check valves, a hydraulically op¬ 
erated check valve, a pneumatically released 
pilot (PRP) valve and a pressure gage. 

The manual control valve is a 3-position 
and a 3-way valve. The three positions and 
functions of the valve are as follows: 

1. AUTO —Permits automatic operation by 
blocking the passage of water through a manual 
control valve. 

2. START — Permits water from the firemain 
to be ported up through a 1-way check valve to 
the piston of the sprinkling system main control 
valve located in the magazine, thus initiating 
sprinkling action. 

3. STOP—Permits water from the firemain 
to be ported down through a 1-way check valve 
to the hydraulically operated control valve (pres¬ 
sure operated check valve). With firemain pres¬ 
sure on this valve, the pressure from the sprin¬ 
kling system main control valve piston is vented 
to tank, thus preventing any further sprinkling. 

The pneumatically (air operated) released 
pilot (PRP) valve is normally closed. When 
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Figure 3-40. —Salt water operated sprinkling 
(main) control valve. 


actuated, it directs water from the firemain to 
the piston of the sprinkling system main control 
valve. The pilot valve is actuated by sensing 
devices in the magazine area. More information 
on this valve will be presented later in this topic. 

The large pressure gage at the local control 
panel indicates the firemain pressure. A manu¬ 
ally operated cutoff valve and a vent plug are 
provided to isolate the gage and to vent any 
air trapped in the pipe leading to the gage. 


Salt water strainers are provided in the 
firemain input line and in the line to the PRP 
valve. Drain cocks are usually provided to drain 
off any sediment collected in the strainer. 

The remote control station, which works in 
conjunction with the local control station, con¬ 
sists of a gage, firemain water pressure con¬ 
nection, strainer, two cutoff valves, and a 3-way 
manually operated control valve. (Refer to figure 
3-42) The 3-way manually operated control valve 
of the remote control station functions like the 
manual control valve of the local control station 
and is also operated in the same manner. 

A schematic of a typical salt water actuated 
magazine sprinkling system is shown in figure 
3-43. Saltwater, under pressure from the firemain 
is shown being applied to the wet side of the 
sprinkling (main) control valve, and through a 
salt water control line, to the remote control 
panel's manual control (3-way) valve, the local 
control panel's 3-way valve, and the local control 
panel's PRP valve. If the PRP valve is activated 
or if either of the 3-way valves is positioned to 
START, salt water is ported through a 1-way 
check valve to lift the main control valve and, 
thus, activate the sprinkling system. 

Once the sprinkling system has been activated, 
it can be stopped by positioning one of the 3-way 
control valves to STOP. This action ports fire¬ 
main water to the hydraulically operated check 
valve, causing it to lift and vent the line from 
the main control valve to tank. Note that there is 
no line from the PRP valve to the hydraulically 
operated check valve; therefore, if the sprinkling 
system is activated by the PRP valve, the 
sprinkling system must be manually stopped by 
one of the 3-way control valves. 

The orifice that connects the main control 
valve and the two 3-way valves to the drain is 
too small to prevent operation of the system, 
but is large enough to prevent a leakage around 
the 3-way valves and the main control valve 
from building up pressure and activating the 
sprinkling system. 

The function of the pressure switch, leakage 
alarm, and air-charged lines will be described 
later in this topic. 

The last improvement in automatic sprinkling 
systems involves the use of firemain pressure 
to activate a wet type system. In this system, 
the normally dry section between the main control 
valve and the sprinkling heads is filled with non- 
pressurized fresh water. The dry side of the 
system is kept filled with fresh water by the 
use of a fresh water tank. A combination valve 
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Figure 3-41. —Sprinkling system, local control panel. 


and sprinkling head replace the open orifice 
type of spray head. The sprinkling head valve 
is supplied from an accumulator-type, 20-gallon, 
fresh water tank. Actuation of the PRP valve or 
operation of the manual 3-way valves, cuts off 
the 50 psi accumulator tank and releases the 
water pressure on the sprinkler head valves. At 
the same time, the main control valve is released 
and sprinkling begins immediately. 


A schematic and brief description of operation 
of the wet type sprinkling system is contained 
in the third edition of NAVSHIPS 348-0781. 

Automatic Control Devices 

Most missile magazine sprinkling systems 
and some gun magazine sprinkling systems are 
equipped with automatic control devices. These 
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Figure 3-42. — Sprinkling system, remote 
control panel. 


automatic control devices are actuated by heat 
sensing elements located in the magazine area. 

The automatic control device actuates the same 
sprinkling system main control valve which is 
operated by the hydraulic remote and local control 
stations. The device can be designed to actuate 
when a rapid rise of temperature occurs or when 
the heat exceeds a fixed temperature. 

NOTE: The sprinkling system described in 
this topic actuates at 150° F. Other systems, 
however, may actuate at a fixed temperature 
above or below 150°F. 

The earliest application of automatic control 
for sprinkling systems (rate-of-rise) consists 
of the use of one or several heat actuated 
devices (HADs), installed in the magazine or 
ammunition stowage space. The HAD is connected 
by 1/8-inch insulated tubing to a penumatically 
released pilot valve (PRP) which controls the 
operation of a jacking cylinder; the jacking cy¬ 
linder, in turn, controls the operation of the 
sprinkling system main control valve. The rate- 
of-rise device and associated hydraulic system 
are shown in figure 3-44. 



Figure 3-43. — Salt water actuated sprinkling system. 
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Figure 3-44. — Hydraulic and automatic thermo-pneumatic rate-of-rise control systems for 

operating magazine sprinkling control valves. 
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The design of the rate-of-rise (primary) 
system for the automatic control device is based 
on the following principles: 

1. Air expands when heated. 

2. Expansion of air in a closed container 
produces pressure. 

3. Pressure can be converted to mechanical 
energy. 

The rate-of-rise device is designed to open 
the magazine main (group) control valve when 
the device absorbs heat from fire, in or near 
the protected compartment to create within the 
automatic control device a definite volume of 
pressure in a certain time. On naval vessels, 
the device functions when the internal pressure 
is equivalent to the pressure produced by 6 to 
10 inches of water within 10 seconds after the 
HAD has been exposed to external heat. 

When the heat is absorbed by the device at 
a slower rate than the one mentioned in the pro¬ 
ceeding paragraph, the system does not function, 
since provision is made within the pneumatic re¬ 


lease pilot valve (PRP) to allow for normal 
temperature changes within the compartment. 

A gate valve and strainer are installed in 
the salt water line between the firemain and 
PRP valve. 

The gate valve is locked open, except during 
servicing of the sprinkling system. The strainer 
is of special wye type, with fine perforations 
(slots) in a Monel basket. A drain cock is pro¬ 
vided in the strainer body to drain the sediment 
accumulated from the firemain water supplied to 
the PRP valve. 

The jacking cylinder connects the oil in the 
hydraulic system for operating the main control 
valve and the water from the firemain which is 
the activating medium for the automatic control 
device. The oil side (small diameter) and water 
side (large diameter) of the cylinder contain, 
respectively, a piston with hydraulic cup packings 
suitable for oil service and another piston with 
packings suitable for salt water service. Both 
pistons are interconnected in tandem. 

The water side of the cylinder is designed 
so that when a maximum water pressure of 40 
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Figure 3-45. — Three views of the pneumatically released pilot valve (PRP). 
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psi is applied to the water piston, sufficient 
pressure is transmitted by the oil piston to over¬ 
come the spring force and water pressure acting 
on the valve disk of the sprinkling system main 
control valve. 

The jacking cylinder is equipped with an 
indicator which provides visual indication of 
the piston positions. A vent installed between 
the pistons in the body of the jacking cylinder 
provides draining when a leakage occurs past 
either piston. 

The early model jacking cylinder contains a 
• oakoff fitting and a tail pipe which are installed 
on the water side of the jacking cylinder to per¬ 
mit release of water during resetting of the 
pneumatically released pilot valve (PRP) after 
the automatic control device has been actuated. 
A small hole in the leakoff fitting would prevent 
the jacking cylinder from lifting if a leak should 
develop in the PRP valve. 

The PRP valve shown in figures 3-45 and 
3-46 releases water from the firemain to the 
large-area side of the jacking cylinder when 
the temperature rate-of-rise in the protected 
compartment exceeds a preset level. 

The PRP valve assembly shown in figure 
3-46 consists of a bronze case which encloses 
a release diaphragm, chamber, linkage, springs, 
and a pilot valve shaft and levers. The shaft 


and levers are connected to the PRP which opens 
and closes to control firemain input to the 
jacking cylinder. The shaft and levers are ar¬ 
ranged so that any sudden pressure increase 
causes the diaphragm to extend into the dia¬ 
phragm chamber and to trip the operating lever out 
from under the fulcrum lever. When the fulcrum 
lever is released, the pilot valve is opened by 
spring action. 

Slow changes in pressure from the HAD are 
equalized by the compensating vent which is 
installed in the PRP case. This vent consists of 
a carefully calibrated leak in a special stainless 
steel fitting. 

HAD Units 

The heat actuated device (HAD), shown in fig¬ 
ure 3-47, is a pneumatic thermostat which con¬ 
sists of a hollow brass chamber whose capacity 
is about 14 cubic inches. The HAD is located in 
the protected compartment and creates the pres¬ 
sure necessary to actuate the PRP valve when 
the rate-of-rise of the temperature in the pro¬ 
tected compartment becomes excessive. 

The excessive heat is absorbed by the HAD 
and is utilized to heat the air trapped in the 
system. The heated air expands and creates a 
pressure which is transmitted through l/8-inch 
tubing to the PRP diaphragm. 



84.320 

Figure 3-46. —Pneumatically released pilot valve (PRP), schematic. 
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Figure 3-47. —Heat actuated device (HAD). 

One or more HAD’s are installed on the 
overhead of each compartment protected. 

A modified model of a rate-of-rise auto¬ 
matic sprinkling control system is shown in 
figure 3-48 and contains the following improve¬ 
ments: 

1. A minimum of two HAD’s in each compart¬ 
ment protected. 


2. A modified-design PRP valve. 

3. A circle seal check valve in each trans¬ 
mission line between the PRP valve and 
the HAD. 

4. A lever operated drain valve in the salt 
water side of the jacking cylinder. 

The PRP valve has been modified to include 
an air charging valve, and a reset key. The 
air gage and charging valve are installed to 
provide a means of pressurizing the automatic 
control device to test for leaks. An air pump is 
also provided with the special tools for use in 
the pressure test. The PRP reset key is pro¬ 
vided for the resetting of the PRP valve op¬ 
erating mechanism after the valve has been 
tripped. 

The circle seal check valve, shown above, 
is spring-loaded. It is designed to check against 
sudden changes of pressure in one direction 
and to open when pressure is applied from the 
opposite direction. The valve housing contains 
a restricted bypass orifice which is used to 
equalize pressure in the system. Circle seal 
check valves are installed in the air tubing of 
each HAD, so that pressure created in one HAD 
is restricted to the diaphragm chamber of the 
PRP valve assembly instead of pressurizing the 
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Figure 3-48. —Modified rate-of-rise automatic sprinkling control system. 
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Figure 3-49. —Circle seal check valve. 


entire system. (The direction of air flow is design of the rate-of-rise system, plus the 
shown in figure 3-49.) following: 


Drain Valve 

A lever operated drain valve, shown in fig¬ 
ure 3-50 is installed in the salt water side of 
the jacking cylinder. This valve is self-closing 
When opened, it drains the water side of the 
jacking cylinder. 

After the PRP valve has been reset, the 
lever operated drain valve must be manually 
opened before the jacking cylinder returns to its 
normal position and allows the sprinkling sys¬ 
tem main control to close. 

A 0,098-inch hole, located in the bridge wall 
of the lever operated drain valve, prevents pre¬ 
mature sprinkling of a magazine by salt water 
leaking from the PRP valve. 

Another of the newer automatic sprinkling 
control systems is shown in figure 3-51. This 
system incorporates the following features*. 

1. A fixed temperature unit (FTU) for each 
HAD in the protected compartment. 

2. Additional expansion loops in the tubing 
from the HAD's, 

3. A water switch in the dry side of the 
sprinkling system main control valve. 

4. A new type of sprinkling system main 
control valve. 

Fixed Temperature Unit 

The design of the fixed temperature (sec¬ 
ondary) system used with the automatic control 
device is based on the same principles as the 


1. Pressure can be converted to mechanical 
energy. 

2. Heat can be converted to mechanical energy. 

The fixed temperature units (FTU's) are de¬ 
signed to actuate the automatic control device 
when the temperature reaches a predetermined 
value (150°F. in some sprinkling systems). 

NOTE: The temperature rise must be slow, 
otherwise the HAD unit will actuate the automatic 
control device before the FTU can function. 

An FTU consists of a spring-loaded cap 
held in place by indium solder. (Refer to figure 
3-52.) This solder is made of a material that 
melts at the predetermined maximum setting 
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Figure 3-50. —Lever operated drain valve. 
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Figure 3-51. —Hydraulic and automatic thermo-pneumatic rate-of-rise and fixed temperature 
control systems for operating magazine sprinkling control valves. 



WITH 147° SOLDER 
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Figure 3-52. —Fixed temperature unit (FTU). 


for the protected compartment. When the FTU 
cap is freed, the pressure in the PRP valve case 
is released, causing the automatic control device 
to actuate. 

A schematic of the automatic control for 
the sprinkling system in figure 3-51 is provided 
in figure 3-53. It is assumed that the temperature 
in the protected compartment rises at a slow 
rate. As the temperature rises, the HAD's re¬ 
spond by transmitting the heat in the form of air 
pressure to the PRP diaphragm. Since the air 
pressure rise is slow, it is equalized within 
the PRP diaphragm case by the compensating 
vent, thus preventing the PRP valve from being 
actuated. However, when the temperature in the 
protected compartment reaches the predeter¬ 
mined maximum level, the FTU opens and vents 


73 


Digitized by v^ooQle 






































GUNNER'S MATE G 3 & 2 



FROM FIRE MAIN 

84.237 

Figure 3-53. —Sprinkling system automatic control system, schematic. 


the air pressure built up in the diaphragm case, 
causing the PRP valve to trip. 

The latest control device for an automatic 
sprinkling system combines the features of a HAD 
and an FTU. This device, known as the thermo¬ 
sylphon heat sensing device, is used on many 
of the newest types of sprinkling systems. See 
figure 3-54. These systems include the salt 
water actuated type shown in figure 3-40, the 
wet type described earlier in this topic. 

A thermo-sylphon heat sensing device con¬ 
sists of a bellows normally enclosed in a mesh 
cage. The bellows are expanded and held by a 
fusible link against spring pressure. The device, 1 
shown in figure 3-54 automatically actuates a 
PRP valve when there is a rapid temperature 
rise or when the fusible link melts. 

When a rapid temperature rise occurs in a 
magazine or ready service area, the resultant 
sudden pressure increase in the bellows is 
transmitted to the PRP valve causing it to 
activate the sprinkling system. Normal tem¬ 
perature changes also cause air in the bellows 
to expand and contract. However, these normal 


pressure changes are vented by a small orifice 
in the PRP valve. 

When the temperature in a magazine or ready 
service area reaches a predetermined value, it 
causes the fusible link to melt, releasing the 
compressed spring, and causing the bellows to 
collapse. As the bellows collapse, a pressure 
is developed that actuates the PRP valve. 

CHECKING SPRINKLING SYSTEM 

Once a week check for valve leakage in 
the magazine sprinkling system. This involves 
the sprinkling control valve and the drain line 
from the local control panel (figures 3-43 and 
3-41). 

To check the sprinkling control valve, simply 
remove the cap from the bottom cover of the 
valve. If there is no leakage, replace the cap. 
Otherwise, close the shut-off valve in the 3/8- 
inch salt water control line leading to the remote 
control panel, close the shutoff valve in the 
3-1/2-inch salt water supply line, repair as 
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Figure 3-54. —Thermo-sylphon heat sensing device. 


required, replace cap, and open the shutoff 
valves. 

Verify that there is no leakage from the 
drain line that leads from the local control panel 
(identified by a "To Drain" plate at bottom-left 
of panel). To check for leakage, the adjacent 
union coupling can be unscrewed. If there is 
any leakage, determine which valve is leaking 
(by systematically opening and closing the various 
shutoff valves until the leaking valve is pin¬ 
pointed. Close the two main shutoff valves as 
in the preceding paragraph, repair or replace 
as required, and open all the shutoff valves. 

TESTING SPRINKLING SYSTEM 

Once a month (1) airtest the pneumatic lines 
in the sprinkling system for tightness and oper¬ 
ability of the heat sensing devices, and (2) test 
the sprinkling system for proper operation of 
the valves. 

Once every quarter (1) airtest the dry lines 
for unobstructed flow between the sprinkling 
control valve and the sprinkling heads, (2) flush 
the associated firemains for unobstructed flow, 
(3) clean the salt water strainers, and (4) clean 
the drain hole in the sprinkling control valve. 


Airtest (Tightness) 

To airtest the sprinkling system monthly 
for tightness and operability of the heat sensing 
devices, proceed as follows*. 

1. Obtain the following equipment: 

a. A test casting 

b. A spanner wrench 

c. A hand pneumatic pump 

d. Either a 1-1/2- or 2-1/2-inch fire 
hose or a test cap (2-1/2—7-1/2 
N.H. thread) having a petcock. 

e. A small container in which to catch 
salt water 

2. Using the spanner wrench, remove the 
bottom cover of the sprinkling control 
valve. Then screw in the test casting, 
as shown in figure 3-40B. 

3. To the threaded end of the test cast¬ 
ing, attach either the fire hose or, if 
available, the test cap. If the fire hose 
is used, hang its drain end overboard. 

4. Close the normally locked-open globe 
valve in the 3-1/2-inch salt water supply 
main. 

5. Connect pneumatic handpump to air valve 
on PRP valve (figure 3—55). 
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Figure 3-55. —Pneumatically released pilot 
valve. 


6. Slowly pressurize system until obtaining 
a pressure of at least eight ounces. Be¬ 
cause of the slow passage of air through 
the vents, some additional pumping of 
air may be required before obtaining a 
balance. 

7. Stop pumping and hold pressure for five 
minutes. The pressure should not drop 
during this period—even the slightest 
drop in pressure is serious, for it in¬ 
dicates a leak which may prevent the 
automatic operation of the system at 
time of fire. If the gage does not retain 
eight ounces of pressure for five minutes, 
first check to make sure that the fitting 
on the hose line for the pneumatic pump 
is not the type that holds the air valve 
open, thereby permitting the pressure to 
escape. Then look for a leak by applying 
soap suds to the fittings near the PRP 
valve (see Note below) and subsequently 
at the fittings near the heat sensing 
devices. Do not use movable jaw wrench 
when tightening fittings. 

NOTE: If the leak is within PRP valve, 
replace this valve with a new unit. Do 
not open this valve under any circum¬ 
stances. Turn in defective valve to nearest 


Naval stocking activity. Repeat airtest 
with replacement valve. 

8. To test the action of the heat sensing 
devices, punch the air valve fully open. 
The sudden release of pressure in the 
PRP valve case and pneumatic lines should 
trip the sprinkling control valve; accord¬ 
ingly, water will flow into the test casting 
(figure 3-43). (This simulates the condition 
created when the bellows of a heat sensing 
device collapse as the result of the fusible 
slug melting [ 174 degrees Fahrenheit].) 

9. Wait about two minutes (see Note below), 
and then reset the tripping mechanism 
on PRP valve by gripping the reset lever 
with the reset key and turning the lever 
to SET (figure 3-55). Be sure that the 
lever latches at SET before removing 
reset key. 

NOTE: The reason for the two-minute 
wait is to allow time for the pressure 
to equalize on both sides of the valve 
diaphragm. Until the pressure is equal¬ 
ized, the valve will not latch at SET. 
If after two minutes the valve does not 
set, again slowly pressurize the system 
as in Step 6, wait five minutes, and 
then punch the air valve wide open. Again 
wait two minutes, and then reset. If the 
valve still fails to reset (or will not trip 
to begin with), replace the PRP valve with 
a new unit. DO NOT OPEN THIS VALVE 
UNDER ANY CIRCUMSTANCES. Turn in 
defective valve to nearest Naval stocking 
activity. Airtest replacement. 

10. Open globe valve in the 3-1/2-inch salt 
water supply main and lock open. 

NOTE: If the monthly operational check or 
the quarterly flushing (below) are to be 
performed immediately following, do not 
perform Step 11 at this point. However, 
if there is to be any time lapse between 
conducting these tests, immediately carry 
out Step 11 to keep the sprinkling system 
in a functional condition. 

11. IMPORTANT: Remove the fire hose, or 
test cap from the test casting on the 
sprinkling control valve (see Note below). 
Have a small container available to catch 
salt water trapped within test casting. 
Then remove test casting, check to see 
that there is no leakage past valve seat, 
and screw on the bottom cover to the 
valve, using the spanner wrench. 
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Operational Test, 

New System 

Test the sprinkling system monthly for proper 
operation of all the valves. 

Proceed as follows: 

1. Obtain the following equipment: 

a. A test casting 

b. A spanner wrench 

c. A hand pneumatic pump 

d. Either a 1-1/2- or 2-1/2-inch fire 
hose or a test cap (2-1/2 —7-1/2 
N.H. thread) having a petcock 

e. A small container in which to catch 
salt water 

2. Using the spanner wrench, remove the 
bottom cover of the sprinkling control 
valve. Then screw in the test casting, 
as shown in figure 3-40. 

3. To the threaded end of the test casting, 
attach the fire hose and hang its drain 
end overboard. 

4. Check the water pressure gages on the 
remote control panel and the local control 
panel. These gages should indicate at 
least 70 psi water pressure. 

5. Test the PRP valve with the hand pneu¬ 
matic pump. Apply a pulse of air of 
approximately 8 ounces as shown in fig¬ 
ure 3-55. This should trigger the PRP 
valve tripping mechanism. If the indi¬ 
cator valve rises to the top of the sight 
tube (figure 3-40 View A), it can be 
assumed that the PRP valve is func¬ 
tional and that the sprinkling control 
valve opens normally (should not pound 
or chatter). If not, see "Unscheduled 
Maintenance Procedures — Servicing 
Sprinkling System." 

6. Wait about two minutes (see Note below), 
and then reset the tripping mechanism 
on PRP valve by gripping the reset lever 
with the reset key and turning the lever 
to SET (figure 3-55). Be sure that the 
lever latches at SET position before 
removing reset key. 

NOTE: The reason for the two-minute wait 
is to allow time for the pressure to equal¬ 
ize on both sides of the valve diaphragm. 
Until the pressure is equalized, the valve 
will not latch in the SET position. 

If after two minutes the valve does not 
set, again apply an 8-ounce air pulse, 
wait another two minutes, and then reset. 
If the valve still fails to reset (or will 


not trip to begin with), replace the PRP 
valve with a new unit. DO NOT OPEN 
THIS VALVE UNDER ANY CIRCUM¬ 
STANCES. Turn in the defective valve to 
the nearest Naval stocking activity. 

7. Turn the manual control lever on the 
remote control panel to STOP. The stem 
on the sprinkling control valve should 
drop below the sight tube, and water 
should drain through the hydraulically 
operated check valve. If the stem does 
not drop, see "Unscheduled Maintenance 
Procedures — Servicing Sprinkling Sys¬ 
tem." 

8. Turn the manual control lever on the 
remote control panel to AUTO. Drain¬ 
age through the hydraulically operated 
check valve should stop. If not, see 
"Unscheduled Maintenance Procedures— 
Servicing Sprinkling System." 

NOTE: If the test cap rather than the fire 
hose is attached to the test casting on the 
sprinkling control valve: before proceed¬ 
ing to Step 9, open the petcock on the 
cap and drain into container the saltwater 
trapped by test casting. Close petcock 
when drained. 

9. Turn the manual control lever on the 
remote control panel to START. If the 
indicator stem on the sprinkling control 
valve rises to the top of the sight tube, 
it can be assumed that the manual control 
valve on the remote control panel opens 
normally. If not, see "Unscheduled Main¬ 
tenance Procedures —Servicing Sprink¬ 
ling System." 


NOTE: Before proceeding to Step 10, 
see note under Step 8. 

10. Test the manual control valve on the 
local control panel in the same manner 
as the manual control valve on the remote 
control panel was tested in Steps 7, 8, 
and 9. 

11. IMPORTANT — Remove the fire hose (or 
test cap) from the test casting on the 
sprinkling control valve. (In removing 
the fire hose, have a small container 
available to catch saltwater trapped within 
the test casting.) Then remove the test 
casting, check to see that there is no 
leakage past valve seat, and screw on 
bottom cover to valve, using the spanner 
wrench. 
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Operational Test 
Old System 

To conduct operational tests under the old 
system proceed as follows: 

1. Obtain the following equipment: 

a. A wedge bar 

b. A flapper-valve wrench 

c. A spanner wrench 

d. A bucket in which to catch salt water 

e. A set of sound power phones 

f. Magazine keys 

2. Using the spanner wrench, remove the 
wedge bar cap (fig. 3-39). Place a bucket 
under the drain cock and open the cock. 

3. Close the flapper-valve (disk) with the 
flapper-valve wrench (fig. 3-39), and push 
the wedge behind the closed flapper-valve 
(disk). Make sure that the flapper valve is 
securely closed (wedged by the wedge bar). 

4. Instruct the man at the remote control 
station via sound power telephone to open 
his group control valve for the group being 
tested. 

5. When a solid stream of water issues from 
the drain cock, indicating that there is no 
obstruction in the system, instruct the 
man at the remote control station to close 
the group control valve. 

6. When all the water has drained from the 
drain cock, remove the wedge bar and 
open the flapper valve (disk), and replace 
the wedge bar cap. 

Testing personnel must be sure to leave 
the system completely ready to function after 
testing. An inspection of all magazine areas 
should be conducted several hours after testing 
to ensure there is no leakage from any valves. 

In hydraulic operated sprinkler systems, fail¬ 
ure of the hydraulically operated control valve 
may be caused by low oil levels. Check the oil 
level frequently and replenish when necessary. 
Be sure to use the specified oil, and pour it 
through a filter or 200-mesh wire screen. 

Airtest (Unobstructed Flow) 

To airtest the sprinkling system quarterly 
for unobstructed flow between the sprinkling con¬ 
trol valve and the sprinkling heads, proceed 
as follows: 

1. Remove the screw cap on the bottom 
cover of the sprinkling control valve, and 


attach the ship air supply line and an air 
gage to the cap (fig. 3-40). 

Caution: Be sure to hold air pressure at 
about 5 psi, because too high a pressure 
will unseat the valve and send salt water 
into the dry line and sprinkler heads. 

2. Blow air through the piping at about 5 psi. 

3. Check each of the sprinkling heads for the 
passage of air. If air does not pass freely 
through any of the heads, replace and 
retest. 

4. Detach air line, replace screw cap, and 
flush the firemain as instructed below. 

Flushing 

To flush the firemain, proceed as follows: 
Note: Perform only in areas where the seawater 
is clean. Also, when operating in tropical waters, 
flush firemain more often than once every three 
months. 

1. Obtain the following equipment: 

a. A test casting or wedge bar 

b. A spanner wrench 

c. A 1-1/2 or 2-1/2-inch fire hose 

d. A small container to catch valve drain¬ 
age 

2. With the spanner wrench, remove the 
flushing connection of the sprinkling control 
valve (fig. 3-39) for the old system and 
the test casting (fig. 3-40) for the new 
system. 

3. Insert a wedge bar (old system) or a test 
casting (new system). Attach a fire hose 
to the threaded end of the flushing con¬ 
nection or test casting and hang the drain 
end of the hose overboard. 

4. Open the group control valve and allow it 
to stay open under full fire main pressure 
until the lines are clear of sea growth and 
shell particles, when Clearwater runs from 
the hose for five minutes or more it can 
be assumed that all lines are clear. 

5. The procedures for stopping and securing 
the sprinkling system are the same as 
those followed when conducting operational 
tests. 

Checking/Cleaning Strainers 

After flushing firemains check the four salt 
water strainers that are in the sprinkling sys¬ 
tem. 

Following are the procedures for checking 
and cleaning a strainer: 
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1. Shut off salt water supply by closing globe 
valve adjacent to strainer. 

2. Hold small container beneath strainer; then 
remove strainer plug, and catch drain 
water. 

3. Remove strainer cover and screen basket 
inside (fig. 3-56). 

4. If screen basket appears dirty, gently 
brush it with a wire brush to remove 
accumulated material. If brushing does 
not clean screen basket, treat according 
to shipboard procedures. 

5. Replace basket, cover, and plug. When 
replacing basket, be sure that its upper 
end is properly seated in its recess before 
tightening retaining cover. Also check gas¬ 
ket for signs of deterioration. Install new 
gasket if necessary. 

6. When all parts have been replaced, tighten 
plug and cover securely so assembly is 
watertight. Then open adjacent globe valve. 

7. Although it is not a part of the strainer, 
the drain nole also should be cleaned at 
this time to guard against plugging with 
dirt, scale, or other foreign matter (fig. 
3-40). 

Note*. For information on sprinkling system 
trouble diagnosis and remedies, refer to NAV- 
SHIPS 348 — 781, current edition. 

SPRINKLING ALARM SYSTEMS 

Several types of warning devices or systems 
are used onboard ships, and one of them is the 
alarm system activated by the water switch on 
the dry side of the sprinkling system main (group) 
control valves. The alarm indicates by sound or 
by a light when the main control valve is leaking. 

Another type of alarm system used is actuated 
by heat. The alarm sounds when the temperature 
in an ammunition storage area rises to the danger 
point. Due to this warning, the temperature can be 
reduced before sprinkling becomes necessary. 

A new alarm system now in use is the pry- 
a-larm. This system functions according to an 
entirely different principle: The trigger of the 
pry-a-larm detector is activated by minute par¬ 
ticles of combustion. 

NOTE: Formation of combusti on particles occurs 
in all types of fires and even in smoldering or 
overheated materials. The small combusti on par¬ 
ticles are invisible, but they are usually present 
before there is any other evidence of a fire; the 
larger particles are visible in the form of smoke. 


However, most of the particles are too small to 
be seen by the naked eye. 

The advantages of a pry-a-larm system are 
as follows: 

1. The early warning provided by the pry- 
a-larm system often permits safe evacua¬ 
tion of the endangered area and gives the 
damage control party time to fight the 
fire while the fire is still small and con- 
troUable. 

2. The system may be adjusted (calibrated) 
to ensure proper operation, regardless of 
its location onboard ship. 

3. The electrical circuit associated with the 
pry-a-larm system is a standard two-wire 
circuit. Because of the low current used, 
a thin walled conduit can be used. 

4. Any failure of wiring or of other essential 
parts is immediately indicated on a trouble 
board located in the damage control central. 

Testing Alarm Systems 

On a periodic basis, sprinkling system alarm 
circuits should be tested. These tests involve 
checking the electrical continuity of the switch 
circuits. The leakage alarm (water switch) shown 
in figure 3-43 is activated by water, when water 
enters the switch housing the contacts of the 
switch are shorted and the alarm is energized. 
To test this type of switch proceed as follows: 

1. Notify all personnel concerned that a test 
of the alarm system is being conducted. 

2. Obtain a bulb-type battery filler, and a 
small container in which to catch water. 

3. Partly fill syringe with fresh water. 

4. Remove drain plug on water switch (fig. 
3-57) and place syringe stem flush against 
the drain opeing. Slowly squeeze the 
syringe to force enough water into switch 
housing until the two contacts are shorted. 
This will energize the leakage alarm, 
the alarm should be located in the ships 
damage control central. 

5. When verification from DC central has 
been received that the alarm system is 
working properly drain the switch housing 
and replace drain plug. 

Moisture within the switch housing can cause 
the alarm system to be activated. Ensure that 
the water switch (leakage alarm) is completely 
dry after testing. 
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Figure 3-56. — Strainer for sprinkling system. 


AMMUNITION HANDLING 
AND SAFETY 

The utmost care and prudence must be ex¬ 
ercised in supervising, handling, inspecting, test¬ 
ing, preparing, assembling, and transporting all 
types of ammunition. Men tend to become care¬ 
less and indifferent when continually engaged in 
work with explosives and, as long as nothing 
occurs, are inclined to drift gradually into 
neglecting the necessary precautions. Nothing 
but constant vigilance on the part of the officers 
and petty officers in charge will ensure the stead¬ 
fast observance of the rules and regulations which 
experience has taught to be necessary. 

Safety precautions, rules, and regulations 
for handling explosives should be made the sub- 
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Figure 3-57. —Sprinkling system water switch 
size 2. 


ject of frequent instruction; and the necessity 
for strict compliance with these procedures should 
be so firmly fixed in the minds and habits of 
new men that they will invariably and subcon¬ 
sciously thereafter do the proper thing. Attention 
is especially invited to the fact that in the early 
stages of the use of explosives, experience was 
gained at a great price—not only in dollars, 
but in human lives. No relaxation should be 
tolerated, since this tends to create the im¬ 
pression that the rules are arbitrary. 

Handling ammunition should be reduced to 
the minimum in order to prevent the occurrence 
of leaky containers, damaged tanks and cartridge 
cases, loosened projectiles, torn powder bags, 
etc., and thereby reduce the chances of accidents. 
The number of men allowed in the vicinity of 
explosives should, as far as is practicable, and 
depending upon the requirements of the operation, 
be reduced to the minimum for properly per¬ 
forming the work at hand. It frequently happens 
that unnecessarily large working parties are 
assembled for handling live ammunition. Every 
effort and known precaution must be taken to 
make ammunition safe for handling under all 
known conditions. However, do not assume that 
an accident will not happen. Unnecessarily sub¬ 
jecting personnel to the effects of any accident is 
unwarranted. 

There is a great amount of ammunition being 
handled at the present time. Much of this am¬ 
munition consists of a new type which requires 
precautions and handling methods that older, 
well-known types of ammunition do not require. 
These new explosives, some of which are more 
sensitive and powerful than explosives that were 
used before, are now being used extensively. 
They are not so sensitive, however, as to be 
unsafe to handle if the safety orders and pre¬ 
cautions are observed. Even the least sensitive 
explosive may detonate if subjected to rough and 
improper handling. In handling explosives in any 
form, the fact must be borne in mind that they 
are potent and were meant to explode. Also, it 
must be remembered that they are intended to 
destroy the enemy, not our own ships and forces. 

There were several serious explosions in 
1943 and 1944 which are examples of what can 
happen when explosives are accidentally deton¬ 
ated. Unfortunately there were, in most cases, 
no witnesses surviving these explosions to testify 
as to what actually happened. Subsequent inves¬ 
tigations convinced the Bureau of Ordnance (now 
Naval Ordnance Systems Command) that the ex¬ 
plosions were caused by rough and improper 
handling of ammunition, in disregard of existing 


80 


Digitized by v^.ooQLe 





Chapter 3—AMMUNITION AND EXPLOSIVES 


orders and precautions, as shown from a Bureau 
of Ordnance letter of 18 September 1944: 

“The attention of all naval activities engaged 
in the production, stowage, handling, and issue 
of explosives and explosive charges was directed 
to be necessary for caution and observance of 
prescribed Bureau of Ordnance regulations gov- 
ning the handling of such charges. 

“All the information available to, or developed 
by the Bureau of Ordnance in connection with 
investigations with explosions, strongly indicates 
that rough and improper handling was the most 
probable cause of the explosions. 

“The attention of all Commanding Officers 
is directed to the unnecessary loss of personnel 
and critical materials and facilities as a result 
of these explosions. 

“It is further directed that all naval ac¬ 
tivities thoroughly review their practice and 
procedure for handling explosives and explosive 
charges with particular regard to—ENFORC¬ 
ING— elimination of the following hazardous 
acts— 

1. Dropping of loaded charges. 

2. Dragging or sliding of loaded charges. 

3. Bumping of loaded charges against each 
other or. other objects. 

4. Jerking or tumbling of loaded charges. 

5. Raising or lowering of loaded charges 
by other than controlled, steady, slow 
movement. 

6. The use of inadequate or improperly main¬ 
tained equipment. 

7. Inadequate supervision and inspection over 
handling activities. 

8. Disregard of authorized explosive limits. 

9. Disregard of standard and authorized prac¬ 
tices as prescribed by Bureau of Ordnance 
pamphlets, manuals, and correspondence. 

10. Use of railroad cars with poor decks, or 
decks with protruding nails and the like. 

11. Manipulation of trucks around doors in 
cars or elsewhere in presence of sharp 
or protruding corners. 

12. Transportation over gang planks without 
sides.” 

An explosion can result from improper hand¬ 
ling of ammunition. Explosions, however, ard not 
the only result of improper handling. Rough hand¬ 
ling may damage ammunition to such an extent 
that it will not function, or will cause gun stoppage. 
Obvious reasons for avoiding such damage are: 


1. A fighting ship's sole purpose is to destroy 
the enemy. 

2. A fighting ship depends upon ammunition 
of some type to accomplish its purpose. 

3. A fighting ship without ammunition cannot 
defend itself and is a liability to its own 
forces in battle. 

4. A fighting ship having ammunition that will 
not function is a fighting ship without am¬ 
munition. 

5. The few minutes required to remedy a mis¬ 
fire or gun stoppage may be sufficient time 
to permit an enemy aircraft to attack 
successfully. 

The following orders and precautions are 
excerpts from U.S. Navy Regulations and NavOrd 
manuals: 

1. The Commanding Officer shall see that 
the officers and crew are instructed in the safety 
orders and all requirements regarding the care, 
stowage, handling, and examination of explosives, 
inflammables, and fuels as laid down in Navy 
Regulations and NavOrd manuals. He shall be 
responsible that all proper, necessary, and pre¬ 
scribed precautions are taken relative to the 
care, stowage, handling, and inspection of ex¬ 
plosives, inflammables, and fuels on board ship. 

2. The Weapons Officer shall be held respon¬ 
sible for the efficiency of the armament and all 
appurtenances connected therewith; and for the 
cleanliness and good condition of all ammunition 
stowage spaces and ordnance workshops, and of 
all ordnance storerooms not turned over to the 
supply officer of the ship. In addition, the Weapons 
Officer shall supervise and be responsible for the 
proper stowage and care of all explosives on 
board ship, and shall make or cause to be made 
such inspections, examinations, and tests thereof 
as may be prescribed. He shall also be responsible 
for the instruction of the officers and crew in the 
safety orders, and all regulations regarding the 
care, stowage, handling, and examination of ex¬ 
plosives as laid down by Navy Regulations and 
NavOrd manuals. In each part of the ship where 
ammunition is stored or handled or where wea¬ 
pons' appliances are operated, such safety orders 
as apply shall be posted in conspicuous places, 
of easy access; and the personnel concerned 
shall be frequently and thoroughly instructed and 
drilled in them. 

3. All personnel in the naval service shall be 
carefully and frequently instructed in the safety 
precautions, methods of handling, stowage, and 
uses of all ammunition with which the vessel, 
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aircraft unit, or station may be supplied. All 
persons must distinctly understand that their 
safety as well as the safety of others depend 
upon the intelligence and care exercised by 
themselves and by their fellow workers. 

No one shall be permitted to undertake the 
inspection, preparation, or adjustment of live 
ammunition until he thoroughly understands his 
duties and the hazards involved. 

New and inexperienced personnel must not 
be permitted to work alone, but shall be under 
direct and continual supervision of skilled and 
experienced persons. 

Only careful, reliable, mentally sound, and 
physically fit persons shall be permitted to work 
with or use explosives or ammunition. 

Personnel engaged in working with explosives 
or ammunition shall be limited to the absolute 
minimum number required. 

Visitors and spectators, unless accompanied 
by an officer or for training purposes, shall 
not be permitted in a magazine, filling house, 
nor in the immediate vicinity of handling or 
loading operations of explosives or ammunition. 

5. Anyone with information concerning defec¬ 
tive ammunition, ammunition containers, or hand¬ 
ling devices, or with information concerning rough 
and improper handling, or willful or accidental 
violation of the safety precautions, however slight, 
shall immediately report such information to his 
immediate superior. Persons found guilty of will¬ 
ful violation of the safety precautions and instruc¬ 
tions relating to explosives or ammunition shall 
be punished; in the case of naval personnel, by 
appropriate disciplinary action; and in the case of 
civil employees under the Navy Department, by 
immediate dismissal. 

The instructions pertaining to handling and 
stowage of ammunition prescribed in this portion 
of the text are of a general nature only, but 
shall be strictly observed, where applicable, 
by all naval activities afloat and ashore. It is 
difficult to cover every possible emergency which 
may arise and which, if improperly handled, may 
have serious results. When carrying out these 
instructions and the safety precautions contained 
in Navy Regulations, Art. 972, an attempt should 
be made to grasp the ideas upon which these 
instructions and regulations are based. Thus, if 
incidents occur which are not known at the time 
of their promulgation, the proper action may be 
taken instinctively. Additional instructions for the 
guidance of naval ammunition, mine depots, and 
shore magazines are contained in Ordnance Pam¬ 
phlet No. 5. More detailed information will also 


be found in ordnance publications, or will be 
furnished by NavOrd upon request. The safety 
precautions (Navy Regulations, Art. 972) are 
explicit and allow for no recourse except positive 
compliance. 

All personnel in the naval service whose duty 
it may be to supervise or perform work in con¬ 
nection with the inspection, care, preparation, or 
handling of explosives shall exercise the utmost 
care that all regulations and instructions are 
rigidly observed. No relaxation of vigilance with 
respect to handling will be permitted. 

Whenever ammunition or explosives are being 
received, transferred, stowed, or prepared, the 
work should be supervised by an officer who 
is himself familiar with the rules concerning the 
care and handling of explosives, and who sees that 
all persons engaged are properly impressed with 
the necessity for exercising the greatest care. 
As stated before, any repeated, familiar work, no 
matter how dangerous, is likely to become 
perfunctory and to lead to carelessness; there¬ 
fore, safety in the handling and in the stowage of 
explosives and ammunition demands constant vig¬ 
ilance and intelligent, close supervision to prevent 
accidents. 

When embarking and discharging ammunition, 
the paramount consideration is safety and re¬ 
liability; the receipt, discharge, preparation, and 
stowing of ammunition and explosives shall never 
be treated as a competitive evolution with regard 
to speed and methods. 

Whenever the guns of a vessel are fired, 
the fire hose shall be connected and pressure 
shall be maintained on the fire main. This does 
not require water to be running through the hose. 

Except in the case of an emergency, live 
ammunition and explosives should not be re¬ 
ceived or discharged from the ship or lighter 
at night. 

A red flag shall be hoisted at the fore on a 
ship when ammunition and explosives are being 
received or discharged. A red flag shall be 
flown in the bow of all boats, lighters, and 
other craft, and on-station rolling stock while 
loading and transporting ammunition and ex¬ 
plosives. 

Uncovered lights, matches, flame-producing 
devices, fires, and smoking shall not be per mi tted 
in the vicinity of exposed ammunition or ex¬ 
plosives, nor in or near magazines containing 
explosives. 

Magazines, lighters, and cars containing am¬ 
munition or explosives shall be kept securely 
closed and locked or guarded, except when 
required to be open for ventilation, cooling, 
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inspection, or handling of the contents, in which 
case a responsible person must be in charge of 
the magazine or conveyance. 

Ammunition or explosives for shipment by a 
common carrier must be marked and labeled 
in accordance with the Interstate Commerce 
Commission's regulations for the transportation 
of explosives and other dangerous articles, or in 
accordance with the United States Coast Guard. 

As far as is practicalbe, explosives and am¬ 
munition offered for shipment by a common car¬ 
rier shall also be packed to comply with the fore¬ 
going regulations, although these regulations 
state that: 

“Shipment of explosives offered by the Army 
and Navy Departments of the United States 
Government may be packed, including limitations 
of weight, as required by their regulations.” 

Copies of these regulations, with specifica¬ 
tions for shipping containers, will be found at all 
naval stations, ammunition depots, and usually 
in all freight offices. 

A permanent record shall be kept by naval 
activities of the car numbers of common carriers 
and the names of vessels loaded with explosives 
or ammunition. 

The shipment by mail of explosives or am¬ 
munition in any form is forbidden. 

Prior to taking ammunition and explosives 
aboard from a lighter, boat, truck, or car, or 
before a conveyance which has been loaded leaves 
the shipper, an inspection shall be made of its 
condition and security, and the contents of the 
conveyance shall be checked against the invoiced 
quantities. A report of shortages, errors, de¬ 
fects, and discrepancies shall be made. 

Ships and shore stations receiving ammuni¬ 
tion in leaky containers or showing evidence 
of rough or improper handling shall at once 
fully investigate the circumstances leading to 
this situation and submit a complete report to 
the Naval Ordnance Systems Command. 

Lighters, boats, trucks, and railroad cars 
containing ammunition or explosives shall not 
be allowed to remain loaded any longer than is 
necessary. Such conveyances shall be guarded, 
and, as far as is practicable, isolated from pri¬ 
vate property in accordance with the station, 
port, municipal, Interstate Commerce Commis¬ 
sion, or other applicable regulations. 

After unloading every conveyance shall be 
swept clean of loose explosives, ammunition and 
dangerous refuse, and destroyed or disposed of in 
a safe and proper manner. 


If artificial light is needed for the examination 
or handling of ammunition or explosives, only 
carefully placed electric floodlights, approved 
magazine lanterns, or flashlights will be used. 

Every precaution shall be taken to prevent 
ammunition or explosives from falling into un¬ 
authorized hands or from being stolen. Attention 
is invited to the fact that many state laws 
make it a felony for an individual to possess 
ammunition or explosives without proper author¬ 
ity. 

Ammunition and explosive containers shall not 
be tumbled, dragged, thrown, or dropped on each 
other, or on the floor or deck. Bale hooks shall 
never be used on containers. 

Projectiles should not be rolled, but should 
be handled by trucks, projectile tongs, and 
slings, whenever possible. When such methods 
are not feasible, sufficient dunnage shall be laid 
down and projectiles shall be rolled by hand 
and not be allowed to bump into each other, 
harming fuzes, damaging or loosening wind¬ 
shield caps, tracers, fuzes, bourrelets, rotating 
bands, and identification markings. 

Ammunition, explosive containers, and pro¬ 
jectiles must be hoisted and lowered slowly, 
and landed gently on a cushion of mats or old 
mattresses in order to prevent damage, leaks, 
and the loosening of windshields and caps on 
projectiles, etc. Ample time should be allowed for 
proper removal after -the landing of a hoist. 

Slides may be used for comparatively small 
or light containers capable of being readily hand¬ 
led by hand, provided: 

1. That there is no drop at the end of the slide. 

2. That containers are handled slowly enough 
and with sufficient care to permit steadying 
near the end of the slide and to allow re¬ 
moval without danger of striking other con¬ 
tainers. 

3. That thick cushions of mats or old mat¬ 
tresses are placed at the discharge end of 
the slide. 

Heavy containers may be discharged or loaded 
by means of slides, provided that restraining 
lines are used to ease them down, and that the 
requirements as to the height of the discharge 
end and use of cushioning mats specified in the 
preceding paragraphs are met. 

Barrels, drums, or kegs containing explosives 
and ammunition containers shall never be rolled, 
but shall be carried by hand or transported on 
trucks. 
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Care shall be taken not to obliterate or de¬ 
face markings, labels, and tags on containers 
of ammunition or explosives. Inspection shall be 
made to see that the markings are intact. 

Proper facilities shall be employed for the 
handling of ammunition and explosives. Where 
proper and ample means are not available, ships 
and stations shall improvise or take the necessary 
steps to obtain all necessary equipment for the 
safe handling of explosives and ammunition. 

Blocks, lines, nets, shackles, slings, and 
projectile tongs or carriers, hooks, winches, 
hoists, conveyers, etc., must be frequently ex¬ 
amined and repaired or replaced, as necessary, 
to ensure freedom from possible failure with the 
resulting danger of an accident. Brakes and con¬ 
trollers of hoisting motors shall be in efficient 
operating conditions, and hoisting speeds shall 
be so regulated that there will be no danger of 
jams or parting of lines. Sufficient personnel 
must be stationed for the safe operation of 
all hoists. 

Any ammunition or explosive containers r- 
ceived or found in a damage condition, or damaged 
or dropped in handling, shall be returned to an 
ammunition depot, or to other sources of ammuni¬ 
tion supply, for forwarding to a depot. Powder 
tanks are so constructed that they will remain 
airtight only as long as the gaskets hold. 

Care must be taken in handling powder tanks 
not to dent the body, open the seams, or loosen 
the top or bottom rings or covers which will 
permit exposure of the powder to the atmosphere. 
Periodic inspections must be made to ensure that 
tanks have not been improperly handled or stowed. 
In handling powder tanks, dents are frequently 
caused by the use of cargo nets, by rolling the 
tanks along decks and over obstructions, by allow¬ 
ing the bodies or rings to strike projections 
when hoisting or lowering, or by dropping them. 
When powder tanks are opened for inspection, the 
gaskets and general airtight condition of the tank 
should be observed. It is impossible to give a 
standard method for handling powder tanks, but, 
in general, they should be hoisted and lowered 
with care, carried along decks by hand, ortrans-- 
ported by truck. 

Some examples of the careless handling of 
powder tanks follow. A vessel turned in her 
service allowance of ammunition to a depot 
for overhaul. While the powder was aboard the 
ship, the reports of surveillance tests gave 60 
days and the same index ashore gave 50 days, 
showing that the powder was, apparently, entirely 
satisfactory for continued use afloat for a number 
of years. However, during the overhaul, anumber 


of leaky tanks were discovered and the tests on 
the powder taken from them gave a less than six- 
day surveillance test. Carelessness on the part 
of the personnel resulted in the unsatisfactory 
condition of these tanks. Many instances are on 
file in NavOrd where sister ships have turned 
in their service allowances for overhaul, one 
requiring practically no repairs and the other 
requiring most extensive reapirs and replacement 
material. The investigation into the poor condition 
of one shp’s outfit disclosed the fact that the pow¬ 
der tanks had been transfer red from ship to lighter 
by dumping them down a chute. The only expla¬ 
nation for such utter disregard of existing in¬ 
structions can be found in the failure of the 
personnel to appreciate the significance of their 
carelessness. 

There are other serious conditions which arise 
from leaky powder tanks. The silk powder-bag 
material is attacked by nitrous oxide fumes. This 
will soon impair the serviceability of the charges 
for loading. The rotting bag will burst, scattering 
powder grains and resulting in danger and delay. 
Powder in leaky containers will not only give 
different ballistic results from those determined 
on proof, but will give erratic results, to the 
serious inconvenience of fire control. The serious 
nature of permitting ammunition to deteriorate so 
that it becomes not only ineffective but dangerous 
and erratic in battle should be obvious to every 
person who participates in the teamwork nec¬ 
essary to produce the correct answer in battle, 
namely, ’’hits per gun per minute." 

Smokeless powder in leaky containers shall 
be landed for replacement at the earliest practic¬ 
able moment after discovery, unless a surveill¬ 
ance test shows it to be in normal condition, and 
that the container can be repaired. 

When ammunition is being embarked or dis¬ 
charged from a ship, a cargo net should be 
rigged between the ship and dock, or conveyance, 
to catch any ammunition that may be dropped. 
The cargo net should be covered with a tar¬ 
paulin if the pieces being handled are small 
enough to pass through the mesh of the cargo net. 
Cargo nets alone should not be used for trans¬ 
ferring empty or filled tanks or other ammunition 
containers likely to be damaged. In hoisting and 
lowering ammunition containers with cargo nets, 
a rigid wooden platform or base should be fitted 
in the net upon which the containers can be 
placed, stacked, or piled upon their stowage rings 
in such a manner as to prevent shifting and bump¬ 
ing each other, or exerting pressure upon their 
thin sides. 
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The wooden platform (or base) shall be made 
of good solid wood, strong enough to bear the load 
with a wide margin of safety, and sufficiently 
rigid so as not be bend under the load. It may be 
made rigid by the addition of heavy beading around 
the edges of the upper side. This beading serves 
a second useful purpose by preventing the con¬ 
tainers or pieces from sliding off the platform, 
and by holding tanks in place so that they remain 
stacked. 

The platform must be of a width greater than 
the length of the cartridge or powder tank, if 
the tanks are to be stacked, so that the weight 
of the tanks will be borne by the stacking rings. 
It may be squared or circular in shape and 
should not be of such width or diameter that the 
net will not extend well around the load to be 
hoisted. For general use, the square platform 
is preferred. 

The advantages of using a square-type plat¬ 
form lie in the fact that it may be used with most 
types of ammunition that can be handled by hand. 
Cartridge or powder tanks may be stacked so that 
they interlock and the weight is borne by the 
stowage rings. Or projectiles may be laid on their 
sides; the beading serves as a check for the 
stacks and prevents the load from sliding off the 
platform. There are, however, some disadvant¬ 
ages in using the square-type platform. It is 
cumbersome and difficult to handle and has 
corners which may protrude through the net 
and hang up on obstructions. The sides of the 
net will not extend up far enough to completely 
cover all high loads. 

The square-type platform shall be placed 
as near the center of the net as is practicable, 
with the sides of the platform diagonal to the 
sides of the net. This will cause the load to 
hand level when suspended and permit the cor¬ 
ners of the net to be pulled well up the side of 
the load. Loads that are not interlocked shall 
never be stacked so high that the bottom of the 
top layer is higher than the lowest part of the 
sides of the net. 

The net shall be lined with canvas if the 
pieces handled are small enough to pass through 
the mesh of the net. 

The projectiles shall be alternately placed 
on the platform to provide an even stowage, and 
placed so that the noses and the bases are 
together. This is important in order to prevent 
the point of a projectile from possibly striking 
the tracer in the other projectile, with the 
subsequent danger of igniting the tracer. Par¬ 
ticular care shall be taken to prevent the pro¬ 
jectiles from rolling or shifting. If the platform 


is not completely loaded the project] > s should 
be placed so as the balance the load. 

Although the square-type platform is pre¬ 
ferred, the circular-type (pie plate) may be used 
in cargo nets when transferring ammunition or 
empty containers. The advantages of the cir¬ 
cular platform lie in its ease of handing, and 
in the fact that it has no corners to protrude 
through the net to catch obstructions. Also, its 
shape permits the forming of the net around 
theentire load when hoisted. As in the use of 
the square platform, there are disadvantages in 
using the circular platform. It cannot be used to 
advantage with all types of containers, and, when 
loaded with projectiles, powder, or cartridge 
tanks, the cargo must be stood on end, which 
increases the likelihood of its toppling or sliding 
if the load is tilted. 

In using the circular-type wooden platform, 
it shall be placed as near the exact center of 
the net as is practicable, so that the load will 
hang level when suspended. A canvas lining should 
be used in the net if the pieces being handled 
are small enough to pass through the mesh of 
the net. 

If powder, cartridge tanks, or projectiles 
are loaded on the platform, it will be necessary 
to stand them on end in order to load a sufficient 
number. Some means must be taken to prevent 
their toppling over. This may be done by lash¬ 
ings, or by placing a second cargo net down on 
top of the load. When a second net is used with 
projectiles, it shall be pushed down to force the 
projectile noses up through the net. 

Palletized unit loads may be transferred in 
cargo nets. Pallets may also be used in cargo 
nets in transferring ammunition and empty con¬ 
tainers, when platforms are not available. In 
either case, the unit load or pallet shall be 
placed as near the center of the net as is 
practicable and with the sides of the pallet 
diagonal to the sides of the net. 

A modified salmon board may be used in 
transferring ammunition and empty containers. 
Rope slings are provided to pull the netting up 
around the load. When loaded with cases, the 
spreader bars will act as clamps to hold the 
load solidly in place. The platform must be wide 
enough to permit stacking the tanks so that the 
weight will be borne by the stowing rings. 

When ammunition is handled with wire nets, 
heavy canvas should be used in the net to pre¬ 
vent sparks and to protect the paint and markings. 
Some means must be used to keep the projectiles 
from being damaged by their being crushed to¬ 
gether when hoisted. 


85 


Digitized by 


Google 



GUNNER'S MATE G 3 & 2 


If the projectiles have windshields and/or 
caps, special care must be taken to prevent 
their being loosened or damaged in any way. 

In the case of emergency, where a platform 
is not available and the use of cargo nets in 
transferring tanks is necessary, a suitable sub¬ 
stitute for a platform may be made by using 
four lengths of heavy timber to form a frame of 
such width as to permit stacking the tanks proper¬ 
ly, with the ends of the tanks resting on two of 
the sides of the frame. In the event that this 
is not possible, some means should be taken 
to prevent damage to tha tanks, and the net lines 
with a heavy tarpaulin to prevent the ends of the 
tanks from becoming entangled in the mesh of 
the net. A heavy mat placed in the net will 
lessen the tendency of the net to squeeze the 
load. 

When a cargo net is used without a plat¬ 
form, it is better to use a high stack in the 
center than to have the stack covering the greater 
portion of the net. This will tend to lessen the 
crushing effect in the center of the load. 

When cargo nets, without platforms, are 
used in transferring projectiles (5- and 6-inch) 
type should be of the close-mesh type, and heavy 
tarpaulin placed in them to prevent the projectiles 
from being forced out through the mesh. The 
projectiles should be stacked on their sides in a 
single tier in the center of the net. If more than 
one tier is used, they will be crushed together 
in the center when the load is lifted. The maxi¬ 
mum load handled in a rope cargo net should 
not exceed 2400 pounds. 

The following specifications for an ammunition 
chute, or slide, are taken from U.S. Coast Guard 
Regulations: 

Chutes for loading and unloading explosives 
shall be constructed of smooth, planed boards, 
not less than one inch thick, with side guards 
of the sae material four inches high. Assembly 
shall be made with brass screws only. D-shaped 
wooden strips or runners not more than six inches 
apart, running lengthwise on the chute, shall be 
fastened to the upper surface of the slide by 
means of glue and wooden dowels extended through 
the bottom of the chute. No metallic fasteners 
used in construction shall protrude above or 
beyond the inner face of the chute. Four lashing 
rings shall be provided, one at each corner of 
the chute, for the purposes of securing during 
use. 

The strips on the surface of the slide serve 
to reduce friction and to keep cartridge tanks 
and similar pieces in the center. The slide will 


have a tendency to creep when in use, due to 
the weight of the ammunition and the movement 
of the ship; consequently, it should be well se¬ 
cured to prevent its being upset or dropping off 
the side. 

If cargo mats or old mattresses are not 
available for dunnage, some substitute must be 
used, such as folded cargo nets, folded tarpaulins, 
or hawser or line, flemished or faked down. 

Never slide projectiles down a slide nose- 
first, unless a restraining line is used. The base 
of the projectile should be toward the lower end 
of the slide. Ammunition containers that have a 
removable lid should, if possible, be handled with 
the lid toward the high end of the slide. 

Eyebolts are available in two sizes, a larger 
size for use with 16-inch projectiles, and a small 
size for use with eight-inch projectiles. 

The eyebolts fit into socket holes in the base 
plug of projectiles, two holes being provided in 
major caliber projectiles. 

Eyebolts are used in supplying projectiles to 
the guns in some turrets and used in the emer¬ 
gency supply of projectiles to eight-inch turrets. 
They may be used in loading projectiles if pro¬ 
jectile carriers are not available for use. How¬ 
ever, the eyebolts should not be used if carriers 
are available, because of the difficulty in landing 
the projectiles without damaging windshields and 
caps. 

The greatest care must be exercised in hand¬ 
ling loaded and fuzed projectiles. A loaded and 
fuzed projectile which has been dropped from 
a height exceeding five feet must be set aside and 
turned in to an ammunition depot. Such a projec¬ 
tile must be clearly marked to show its condition 
and must be handled with the greatest care. 
Upon receipt at a naval ammunition depot it 
must be defuzed and the fuze scrapped. Fuzes 
are designed and manufactured so that a fuzed 
projectile may be dropped without causing a 
fuze to function, but additional drops or the 
shock of firing may cause a fuze action. Ro¬ 
tating bands on projectiles for separate or semi¬ 
fixed ammunition have nonfringing lips which are 
easily damaged. Particular care is required to 
prevent damage to the band. The standard pro¬ 
jectile carrier should be used at all times on 
projectiles of calibers larger than eight inches, 
unless emergencies arise which justify the risk 
of possible damage to projectiles as a result of 
using improvides slings. Carriers are provided 
for projectiles of 6"/47 (and larger) caliber. 

Extreme care must be taken in handling pro¬ 
jectiles fitted with caps and/or windshields to 
prevent loosening the cap or windshield. The 
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caps and windshields shall be protected from 
jolts and stress when being handled manually or 
with handling devices. Slings which support apart 
of the weight of the projectile on the cap or wind¬ 
shield should not be used. 

A skip box (cargo box) is an ideal device 
for handling ammunition that is light enough to 
be handled by hand. It furnishes complete pro¬ 
tection from stresses or crushing effect when 
properly loaded. In loading the skip box, the 
load must not be piled higher than the sides, or 
pieces may slide off or be subjected to pres¬ 
sure by the slings. Navy yard skip boxes are 
usually available for use when loading ammuni¬ 
tion while moored to a Navy yard dock. 

If the box is not completely filled with pro¬ 
jectiles or containers, the load shall be placed 
in the box so that it is evenly balanced and 
precautions must be taken to prevent the pro¬ 
jectiles from shifting or tumbling. The hook 
points of the sling on the skip box should be 
outboard to prevent their disengaging when the 
sling is slacked. 

Fuzes that are not permitted to be stowed 
in assembled bombs or other types of am¬ 
munition must be well removed from high ex¬ 
plosives. Fuzes are dangerous to handle, as¬ 
semble, and disassemble; unskilled personnel 
must never undertake such work. 

Detonators are sensitive to shock, dangerous to 
handle, and require special stowage spaces. Det¬ 
onators requiring separate stowage must be well 
removed from all high explosive stowages. 

When detonators or blasting caps (both elec¬ 
tric and nonelectric) are received in a shipment 
for stowage aboard ship, it is advisable that they 
be carried aboard by hand and placed in their 
assigned stowage space prior to removal of the 
balance of ammunition from the lighter, truck, 
or other conveyance used. They must not be placed 
in a cargo net or sling load of ammunition. 

If the quantity of detonators is so large as 
to make transfer by hand impractical, they should 
be loaded on a skip box or some other similar 
contrivance that will assure protection from 


crushing and damage. Cargo nets alone, or 
any similar contrivance without platforms to 
prevent crushing, must never be used. Coast 
Guard regulations limit the weight of any one 
hoist load of detonators to 1000 pounds. Det¬ 
onators should never be transferred by means 
of a slide. 

Detonators should be transported, if prac¬ 
ticable, in a conveyance that does not contain 
other types of ammunition or explosives. If this 
is not practicalbe, the detonators should be at 
least 10 feet from other live ammunition or ex¬ 
plosives. If the distance is less than 10 feet, a 
barrier of two-inch planks onfour-by-sixframing 
shall be interposed between them, and bags of 
sand piled around the detonators, if available. 
If the load includes inert material such as bomb 
tails, depth charge pistols (except the Mk 7-1 
and extenders), or other less hazardous types of 
ammunition, i.e., small arms without explosive 
bullets or pyrotechnics, this material may be 
placed between the detonators and the high ex¬ 
plosives or munitions containing high explosives. 

In peacetime, fuzes or detonators must not 
be placed with a shipment, load, or lot of bomb- 
type ammunition or other high explosive material, 
but must be forwarded in a separate shipment. 
In wartime, however, detonators can be shipped 
in the same car or truck as boosters or war¬ 
heads provided certain precautions, as laid down 
by the Interstate Commerce Commission, are 
observed. 

The purpose of the section on ammunition 
handling and safety was to point out some of the 
more important regulations, safety orders, and 
precautions observed in handling ammunition. 
Current Safety, instructions issued by NavOrd 
Systems Command and United States Navy Reg¬ 
ulations, reflect all the current safety regula¬ 
tions necessary and prescribed for all types of 
ammunition and explosions. It is the responsibility 
of all personnel in the GMG rating to be up-to-date 
on all safety precautions related to handling, 
stowage, and use of all types of ammunition 
associated with the vessel or station to which he 
is assigned. 
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SMALL ARMS AND MACHINEGUNS 


Strictly defined, the term "small arms'' means 
any firearm cal. .60 inch or smaller. As far 
as you are concerned (there are no .60 cal. 
weapons in the Navy) this means that all weap¬ 
ons from the .22 cal. pistol up through the .50 
cal. machinegun are small arms. Such weap¬ 
ons are carried aboard ship primarily to equip 
personnel assigned to the landing party, and 
certain watch standers or sentries for the ship's 
internal security. 

As a third class, you will be concerned with 
pistols, carbines, submachineguns, and rifles. 
Second class gunner's mates must know, in 
addition, BARS, .30 cal. and .50 cal. machine- 
guns, and shotguns. Your responsibility in the 
field of small arms is twofold. First, you must 
know how to assemble, disassemble, overhaul, 
and repair small arms. Second, you must be 
able to train other personnel in the operation, 
safe handling, and the care and cleaning of 
small arms. 

As the majority of small arms are of Army 
issue, you will find that the best reference pub¬ 
lications for these items also come from the 
Army. Army technical manuals (TMs) are es¬ 
pecially useful to the small arms repairman. 
Army field manuals (FMs) are prepared for the 
man in the field —the man who is going to shoot 
the weapon. You should have a complete set of 
these publications in your armory. An index 
of Army FMs and TMs is found in O.D. 39397 
and Army Pamphlet 310-4 Title, Military Pub¬ 
lications. 

Before we begin our study of the individual 
weapons, let's examine some of the quirks in 
small arms nomenclature. For the most part, 
terminology pertaining to the weapons them¬ 
selves is fairly standard. This is because the 
Navy has adopted most of the Army's system of 
identification. For example, the Army uses the 
letters M and A instead of mark and mod. This 
means that "Carbine M1A2", in Navy language 
is the same as "Carbine Mk 1 Mod 2". 


Much of the confusion surrounding small 
arms teminology lies in cartridge or round 
designations. Perhaps you know how the guage 
of shotguns is determined, but what is the dif¬ 
ference between a .30-06 and a .30-30 round of 
ammunition? Actually, a .30-30 means that the 
cartridge has a caliber of .30 inch and contains 
30 grains of propellant powder. The .30-06 
cartridge, for which the Ml rifle is chambered, 
also has a caliber of .30 inch but the numbers 
-06 in this case mean the round was standard¬ 
ized in 1906. 

The diameter of a shotgun's bore is re¬ 
ferred to as the "gage" of the shotgun. Gage is 
not a measurement of inches or millimeters. 
Instead, it means the numbers of lead balls of 
that particular diameter required to make a 
pound. For example, if you measured the di¬ 
ameter of the bore of a 12-gage shotgun, you 
would find it to be 0.729 inch. If you were to 
make a number of lead balls of this diameter 
and weigh them, you would find that 12 of them 
would make a pound. 

So, the larger the bore of a shotgun, the 
smaller the gage number. A 16-gage shotgun 
has a smaller bore than a 12-gage. 


CYCLES OF OPERATION 

In every weapon there is a cycle of opera¬ 
tion. This cycle is a group of actions which 
take place upon the firing of one round and 
which must occur before the firing of the next 
round. While the sequence or manner of ac¬ 
complishing them may vary between weapons of 
different design, they are always performed. 

There are eight steps in the cycle of opera¬ 
tion; they are shown in figure 4-1. 

Feeding 

This action places a round in the receiver 
just to the rear of the chamber. In its simplest 
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Figure 4-1. —The eight steps in the cycle of operations. 84.235(84) 


form it amounts to putting a cartridge by hand 
in the path of the device which will chamber the 
round. Most often feeding is accomplished by 
a spring-loaded follower in a magazine or clip. 

Magazines have a limited capacity which 
cannot sustain the continuous rate of fire re¬ 
quired by machineguns. Machinegun ammunition 
is belted, and the rounds are fed to the rear 
of the chamber by cam and lever action. 

Chambering 

This action is required to ram a new round 
into the chamber. Again in its simplest form, 
this amounts to placing the round there by hand. 
In military weapons chambering takes place as 
the forward moving bolt strips the round from 
the feed mechanism and forces it into the chamb¬ 
er. The bolt closes on the cartridge and the 
extractor snaps into the extracting groove ma¬ 
chined around the base of the cartridge case. 

Locking 

This action holds the bolt in its forward posi¬ 
tion for a short period of time (after firing) to 
prevent the loss of gas pressure until the bullet 
has left the muzzle of the gun. For low-powered 
weapons, it is possible to seal the breech for 
a short time by merely beefing up the weight 
of the bolt. The bolt does start to move upon 
firing but, if sufficiently heavy, it will not move 


far enough to release the gases until their 
pressure has been satisfactorily reduced. This 
method is used on submachine guns. 

Bolts on rifles are locked by engaging lugs 
on the bolt with locking surfaces on the barrel 
or receiver. Such a lock requires two distinct 
motions —one to move the block toward the 
chamber and a second to rotate it about the 
axis of the barrel. Both motions were done by 
hand on the old Springfield, but with the newer 
type, both are done automatically. Forward mo¬ 
tion is accomplished by spring pressure and the 
rotation by camming action. 

Firing 

Firing occurs when the firing pin strikes the 
primer of the cartridge. 

Unlocking 

Unlocking occurs after the firing of the round. 
Actions for unlocking are just the reverse of 
those required for locking. For most rifles the 
first movement of the bolt is a rotating one, 
disengaging the locking lugs. 

After this the bolt moves to the rear. In the 
straight blowback type bolt there is no camming 
action; the cartridge is held in the chamber until 
the gas pressure overcomes the inertia of the 
heavy bolt, forcing it to the rear. 
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the weapon. Examples of gas-operated weapons 
are the .30 cal. Ml rifle. Ml carbine, and 
the BAR. 

Recoil Operated 

As a round is fired, high pressures develop 
behind the bullet and force it down the barrel. 
The force behind the bullet is also directed 
rearward against the breech. If the barrel and 
bolt are secured to one another, the entire 
force of recoil is felt on the shooter’s shoulder. 
But, by designing the barrel and breech as¬ 
sembly so that they can slide in the frame or 
receiver, the energy of the rear moving as¬ 
sembly can be used to compress springs, move 
levers, etc., necessary to complete the cycles 
of operation. 

Generally, in recoil operated weapons the 
barrel and the bolt move rearward together for 
a short distance. Then the barrel is stopped and 
the bolt (now unlocked) continues to the rear 
against spring pressure until the empty case 
is ejected. The force of recoil is also used 
to cock the weapon and compress the spring, 
which will return the bolt to its firing position, 
chambering a new round in the process. Brown¬ 
ing machineguns and the .45 cal. pistol are ex¬ 
amples of recoil operated weapons. 

Blowback Operated 

There are similarities between recoil and 
blowback operated weapons. But there are several 
major differences. In recoil operation, the bolt 
and barrel are locked together until the bullet 
has left the barrel, and most of the recoil 
thrust is spent. The combined thrust of the 
recoiling barrel, bolt, and some other parts, 
are used to operate the weapon. In blowback 
(inertia) operation, however, the bolt is not 
locked to the barrel and in most cases the barrel 
does not recoil. The bolt is held closed by 
spring pressure and the mass of the breech¬ 
block. The initial blow of the exploding cartridge 
starts the bolt moving rearward, but the weight 
of the bolt is such that it does not allow the 
chamber to be entirely opened until the round 
has left the bore. Action by a recoil spring returns 
the bolt to the closed position, chambering a 
new round. 

Thus the weight of the breechbolt is an im¬ 
portant factor in the design and operation of a 
blowback operated weapon. When used with low 
powered ammunition it is a suitable arrangement— 
the .45 cal. submachine gun is an example. 


A military rifle however, using the standard .30 
cal. cartridge and the blowback action, would 
require a 27-pound breechblock. 

Besides the submachinegun mentioned, many 
types of so-called ’’pocket automatic” pistols 
and .22 cal. automatic rifles use blow-back 
operation. 


HANDGUNS 

There are two handguns used by the Navy 
today —the .45 cal. automatic pistol and the 
.38 cal. Smith and Wesson revolver. The .45 
cal. automatic is the standard service pistol 
used by sentries, watchstanders, and some mem¬ 
bers of the ship’s landing party. The .38 cal. 
revolver, because of its lighter weight, is fre¬ 
quently issued to flight personnel, instead of the 
.45 cal. pistol. 

Handguns are characterized by their short 
range and small magazine capacity, and their 
purpose—which is generally defensive in nature. 

.45 CALIBER 
AUTOMATIC PISTOL 

During the uprising of the Moro tribes in the 
Philippines during the early 1900's, it was 
found that the fanatic tribesmen often were not 
stopped when hit by bullets from the .38 cal. 
sidearms then used by American troops. This 
lack of stopping power was one of the factors 
which led to the adoption in 1911 of the .45 
cal. automatic pistol as the official military 
sidearm. 

The pistol was designed and patented by 
John M. Browning, who was probably the world's 
greatest inventor of automatic weapons. The 
original Model 1911 differs from the current 
Model 1911 A1 only in minor exterior details— 
the two operate exactly alike. Figure 4-3 shows 
the pistol with nomenclature of some of the 
external parts. 

The pistol is semiautomatic, recoil oper¬ 
ated, and magazine fed. The barrel has LEFT- 
handed rifling. The pistol is automatic in its 
functioning except for the firing step itself. 
The trigger must be pulled to fire each round. 
Empty, the pistol weighs about 2-1/2 pounds. It 
has a maximum range of a little over 1600 
yards, and an effective range (in the hands of 
the troops) of about 55 yards. 
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Figure 4-3. — Automatic pistol, caliber .45, M1911A1. A. Slide closed. B. Slide open. 17.42 
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DISASSEMBLY 

Disassembly is covered in two phases. The 
weapon is field stripped (fig. 4-4) as required 
for ordinary care and cleaning. Normally this 
will be the extent of disassembly explained to 
personnel such as watchstanders. The detailed 
disassembly of the receiver group (fig. 4-5) 
is the job of the Gunner's Mates during periodic 
cleaning or repair. 

Field Stripping 

Before any work is done on the pistol, it 
should be cleared and the magazine removed. 
Then— 

1. Cock the hammer and put the safety lock 
in its up (SAFE) position. Depress the recoil 
spring plug and turn the barrel bushing about 
a quarter turn clockwise. This releases the 
tension on the spring. Allow the spring to expand 
slowly by keeping your hand on the recoil spring 
plug. Move the safety lock back down to its 
FIRE position. 


2. Draw the slide to the rear until the half¬ 
moon recess (on the slide) is directly above 
the projection on the slide stop. Push out the 
slide stop from right to left. 

3. Turn the pistol upside down and draw the 
receiver to the rear, disengaging it from the 
slide. Lay the receiver down. 

4. Draw the recoil spring and its guide to 
the rear and out of the slide. 

5. Take the barrel bushing out of the slide 
by turning it counterclockwise as far as it 
will go, then lifting up. 

6. Lay the barrel link forward and pull the 
barrel out of the muzzle end of the slide. 

7. Take out the firing pin. To do this, press 
in on the rear of the firing pin with any pointed 
object until you can slide out the firing pin stop. 
Keep your fingers over the firing pin, allowing 
the spring tension to ease; then lift both firing 
pin and spring from the slide. 

8. Pry the extractor out of the rear of the 
slide. 


BARREL BUSHING 


\ 



1 


BARREL 



SLIDE EXTRACTOR 



» - 

FIRING PIN STOP 


\ 


RECOIL SPRING PLUG 


RECOIL SPRING 




/ 


RECOIL SPRING GUIDE 



17.42.1 

Figure 4-4. —The pistol in afield stripped condition. 
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Figure 4-5. — The receiver group. 


Disassembly of the 
Receiver Group 

Disassembly of the receiver group into its 
individual parts as seen in figure 4-5 is done 
as follows: 

1. The hammer should still be in its cocked 
position. Jiggle the safety lock up and down, 
at the same time pulling it outward from the 
receiver. (DO not use any tool to pry the stop 
out.) With the safety lock removed, squeeze 
the trigger, and allow the hammer to EASE 
FORWARD. 

2. Remove the mainspring housing pin. This 
step requires a good deal of force, so the re¬ 
ceiver must be placed on a sturdy supporting 
surface. The end of the safety lock pin can be 
used to push the mainspring housing pin out. 

3. Remove the mainspring housing. Take out 
the grip safety and the sear spring. 

4. Using the firing pin as a drift, punch 
out the hammer pin; then lift the hammer from 
the receiver. 


5. Drift out the sear pin from right to left, 
and let the sear and disconnector drop out into 
your hand. 

6. Press the magazine catch in until flush 
with the left side of the receiver. Then, using 
the short leaf of the sear spring, turn the mag¬ 
azine catch lock one quarter turn counter¬ 
clockwise. Lift the magazine catch from the 
right side of the receiver. 

7. Remove the trigger from the rear of the 
receiver. 

ASSEMBLY 

Assembly of the weapon is also covered in 
two phases: First the receiver group is as¬ 
sembled. At the end of this phase the weapon 
is in a field stripped condition. Then the field 
stripped weapon is assembled. 

Both phases of assembly are done by per¬ 
forming the disassembly procedures in reverse 
order. Here are four hints which should be 
helpful in assembling the pistol— 
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1. All pins go in from left to right. 

2. Place the sear and disconnector in as one 
unit, fitted together as shown in figure 4-6. 

3. When you place the sear spring in position, 
have the mainspring housing ready to slide up 
about three quarters of the way into the receiver, 
to hold the spring in place. 

4. Make sure that the hammer strut is actu¬ 
ally fitting well down into the mainspring cap 
before sliding the mainspring housing into place. 
Sometimes the hammer strut will catch on top 
of the cap instead of properly seating in the 
cap's recess. 

SAFETIES 

There are four safety devices on this pistol. 
The two manual safeties are the safety lock 
(sometimes called the thumb safe) and the half- 
cock notch. The two automatic safeties are the 
grip safety and the disconnector. 

The safety lock positively locks the slide in 
the forward position. In addition, a stud on 
the safety lock (fig. 4-7A) blocks the shoul¬ 
ders of the sear to prevent any movement 



17.42.3 

Figure 4-6. — Replacing the sear and 
disconnector. 




of the sear out of the full-cock notch of the 
hammer. 

The half-cock notch is the notch just above 
the full-cock notch. It has a lip which prevents 
movement of the sear from that notch when 
pressure is applied to the trigger. (See figure 
4-7B.) 

The grip safety (fig. 4-8A) indirectly stops 
any movement of the sear by blocking trigger 
movement. If the trigger cannot be actuated, 
the sear cannot move, and the hammer will not 
fall. 
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The disconnector (fig. 4-8B) prevents fir¬ 
ing unless the slide is fully forward and locked. 
When the slide is forward, the disconnector 
rides up into a recess on the underside of the 
slide. The spade of the disconnector (dark area) 
bears against lugs on the sear. When the trigger 
is pulled, the trigger yoke pushes back against 
the disconnector spade, which transmits the 
motion to the sear, rotating the sear nose out 
of the full-cock notch of the hammer, and the 
weapon fires. At any time the slide is not fully 
forward, the nose of the disconnector is forced 
downward. In this condition the disconnector 
spade does not contact the sear when the trigger 
is pulled. When the trigger is pulled, the dis¬ 
connector will be pushed to the rear but the 
sear remains in position, holding the hammer 
to the rear. 


CYCLE OF OPERATION 

Refer to figure 4-3 as we explain the func¬ 
tions of the pistol. We will assume that a 
loaded magazine is in the weapon, a round is in 
the chamber, the grip safety is depressed, the 
trigger has been squeezed, and the round ig¬ 
nited. The cycle of operation now begins. 

As the powder gases burn and expand, the 
bullet is forced down the barrel while the same 
force is directed rearward against the slide. 
The slide and barrel are locked together at this 
point, and both are forced aft. The barrel link 
is attached to the stationary receiver, so the 
barrel is moved downward as well as to the 
rear. As the barrel locking ribs are disen¬ 
gaged from the recesses in the slide, unlocking 
is completed. 

As the slide moves aft in recoil, the extrac¬ 
tor pulls the empty case along with it. Extrac¬ 
tion is completed when the cartridge clears the 
chamber. 

Ejection occurs when the cartridge strikes 
the stationary ejector, pivots on the extractor, 
and flips from the weapon through the ejection 
port. 

Cocking began as soon as the slide started 
its recoil movement. The hammer is moved 
rearward and the hammer strut is pushed down 
against the mainspring, compressing it. When 
the slide strikes the recoil spring guide collar, 
its rearward movement is stopped. The recoil 
spring then causes the slide to begin its forward 
movement. The hammer follows the slide for 
a short distance. Then the sear, which bears 
against the hammer through the action of the 
sear spring, enters the full-cock notch of the 
hammer and holds it in a cocked position. 

Feeding starts as soon as the slide, moving 
to the rear, clears the top of the magazine. 
The magazine follower, under pressure from 
the magazine spring, forces the top round against 
the lips of the magazine. This places the top 
cartridge in position to be picked up by the face 
of the slide during its forward movement. 

Chambering occurs when the forward mov¬ 
ing slide pushes a new round into the chamber. 
As the bullet is pushed up the ramp into the 
chamber, the base of the cartridge slides up 
the face of the slide. As this happens, the 
groove on the base of the cartridge is engaged 
by the hooked extractor. 

After chambering, the slide continues for¬ 
ward a small distance, pushing the barrel ahead 
of it. As the barrel moves, it pivots up and 
forward on the barrel link. The locking ribs 
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84.241 

Figure 4-9. —Smith and Wesson revolver, caliber .38 special. A Left side: 1. Thumbpiece (cylinder 
release). 2. Stock screw. 3. Stock. B. Right side: 1 and 2. Sideplate screws. 3. Sideplate. 4. Stock. 
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on the barrel enter the locking recesses in the 
slide, thereby locking the two together. 

Firing will start the cycle all over again. 
When the grip safety is depressed and the trig¬ 
ger is squeezed, the trigger yoke presses against 
the disconnector, which pushes aft on the sear. 
The sear rotates on its pin, disengaging from 
the notch on the hammer. The mainspring pushes 
up on the hammer strut, rotating the hammer 
forward. The hammer strikes the firing pin, 
which in turn strikes the cartridge primer. 

.38 CALIBER SMITH AND 
WESSON REVOLVER 

You will find the .38 cal. S & W revolver (fig. 
4-9) in armories ashore, where it is used by 
men assigned to guard or police duties. Be¬ 
cause it is lighter than the .45 cal. automatic, 
the .38 is frequently issued to flight personnel. 
This weapon has about the same maximum and 
minimum ranges as the .45 cal. automatic- 
1600 and 50 yards, respectively. 


Figure 4-10 shows the revolver disassem¬ 
bled to the extent usually required for normal 
care. 

Operation 

In this discussion, operation of the revolver 
is limited to loading, firing, and unloading. To 
load the revolver, the cylinder must be swung 
out by pushing forward on the thumb piece and 
applying a little pressure on the right side of 
the cylinder. The thumb piece will not release 
the cylinder is the hammer is cocked. 

NOTE: The cylinder should not be flipped 
out sharply because this can cause the crane to 
be bent, throwing the cylinder out of timing. 

Insert a round in each of the cylinder's 6 
chambers, and swing the cylinder back into po¬ 
sition. The weapon is now loaded and ready to 
be fired. 

The revolver can be fired by single or dou¬ 
ble action. For single action firing, the ham¬ 
mer is pulled back with the thumb to the full- 
cock position for each round. This action also 
rotates the cylinder. The hammer is held in 



84.241.3 

Figure 4-10. — Smith and Wesson revolver, caliber .38; right side view with cylinder and ejector 
group, side plate, and stocks removed. 1. Sideplate screws. 2. Sideplate. 3. Hammer block. 
4. Frame. 5. Stock screw. 6. Stocks. 7. Mainspring. 8. Mainspring strain screw. 9. Hammer. 
10. Sear. 11. Rebound slide. 12. Hammer block pin. 13. Trigger. 14. Barrel. 15. Cylinder. 
16. Crane or yoke. 17. Ejector plunger. 
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the cocked position by the sear until released 
by the trigger. In double action firing, pulling 
the trigger causes the hammer to be raised to 
nearly its full-cock position. The hammer strut 
will them excape the trigger, and the spring- 
loaded hammer will fall and strike the cartridge. 
In double action firing, the cylinder is rotated 
by pulling the trigger. Since it requires slightly 
less trigger pull for single action, this method 
should produce better accuracy. 

The empty cartridges are ejected by swinging 
out the cylinder to the left and pushing the 
extractor plunger toward the rear of the cylinder. 

There are two built-in safeties on this re¬ 
volver—the hammer block and the rebound slide. 
The hammer block prevents the hammer from 
going far enough forward to strike the cartridge 
primer when both the hammer and trigger are 
in the forward or uncocked position. Thus, if 
the revolver were dropped or otherwise struck 
on the hammer, the round would not be fired. 
The rebound slide actuates the hammer block to 
prevent the hammer from traveling far enough 


to strike the primer should the hammer slip from 
the thumb while being manually cocked. 

Disassembly and Assembly 

To disassemble the revolver: 

1. Push forward on the thumb piece (fig. 
4-9A) which actuates the cylinder latch, and 
swing the cylinder out to the left. With a small 
screwdriver remove the sideplate screw (No. 1 
in fig. 4-9B) located directly under the cylin¬ 
der. This screw retains the crane (or yoke) of 
the cylinder and ejector group. 

2. Remove the cylinder and extractor group 
by pulling the cylinder forward. 

3. Remove the three remaining sideplate 
screws (No. 2 fig. 4-9B). 

4. Remove the sideplate. Do not pry the side¬ 
plate off. Use a wooden handle to tap the plate 
and frame until the sideplate loosens from its 
seating. 

5. Remove the stock screws and lift off the 
stocks. 



UPPER HAND GUARD 



3.31 

Figure 4-11. — Basic nomenclature, U. S. Rifle, caliber .30, Ml. 
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The disassembled weapon appears as shown 
in figure 4-10. The parts can be inspected and 
lubricated as necessary. 

To assemble the weapon, first remove the 
hammer block (No. 3 of fig. 4-10) from the 
sideplate. Place the hole in the hammer block 
over the hammer block pin (No. 12 in fig. 
4-10) so that the "L" projection of the hammer 
block will fit between the hammer and frame. 
The remaining parts are installed following the 
reverse order of disassembly. 


SHOULDER WEAPONS 

Shoulder weapons are designed to be held 
with both hands; they are braced against the 
shoulder to absorb the force of recoil and to 
improve accuracy. This group includes the .30 
cal. Ml rifle, carbine, BAR, and submachinegun. 

RIFLE, CAL. 30, Ml 

This rifle is the basic weapon used by per¬ 
sonnel assigned to the ship's landing party. Its 
effectiveness was proved in World War II and 
in Korea. It is a semiautomatic, gas-operated 
weapon with a maximum effective range of 
about 500 yards. When fitted with a special 
launcher it can fire rifle grenades. Figure 
4-11 shows the weapon and points out its basic 
nomenclature. 

Disassembly and Assembly 

As with most other weapons this rifle is 
disassembled in two phases. For normal main¬ 
tenance the rifle will not have to be torn down 
further than a field stripped condition, as seen 
in figure 4-12A. You must be prepared however, 
when the occasion arises, to strip the weapon 
in detail, as shown in figure 4-12B. 

Field Stripping 

The rifle is field stripped by breaking it 
down into three main groups —the trigger hous¬ 
ing group, the barrel and receiver group, and 
the stock group. To disassemble the Ml into 
these three groups, grasp it with the left hand 
and place the rifle butt against the left thigh, 
with the trigger group toward you. With your 
right hand pull the trigger guard downward and 
outward. Swing the guard out as far as it will 
go; then lift out the trigger group. Next, grasp 
the rifle at the rear of the receiver with your 


left hand, muzzle to the left. With your right 
palm, give a downward blow to the small of the 
stock, grasping it as you do. This separates 
the stock group from the barrel and receiver 
group. 

Detail Stripping 

Place the barrel and receiver group so that 
the sights are down and the muzzle to the left. 
Disengage the follower rod from the follower 
arm. Remove the follower rod and operating 
rod spring by withdrawing them to the right. 
Push the follower arm pin from its seat and 
remove it. Grasp the bullet guide, follower arm, 
and operating rod catch assembly, and lift them 
out of the receiver together. Next, lift the fol¬ 
lower assembly from the receiver. 

Turn the barrel and receiver group over so 
that the sights are up and the muzzle pointed 
away from you. Pull the operating rod to the 
rear until the rear of the handle is directly 
under the forward edge of the windage knob. 
Pull the handle upward and outward, disengag¬ 
ing the guide lug of the operating rod through 
its dismount notch on the receiver. Now pull 
the operating lever down and to the rear to 
remove it. 

Grasp the bolt by its operating lug and, 
while sliding it forward, lift it upward and out¬ 
ward with a slight rotating motion. 

Remove the extractor, its spring, and the 
plunger. Remove the ejector and its spring. 
Do not separate the extractor from its spring 
or the ejector from its spring. 

To disassemble the trigger housing group 
(figure 4-13) first close and latch the trigger 
guard and release the hammer to the fired po¬ 
sition. Hold the group in your right hand with 
the thumb on the sear and the forefinger pulling 
back on the trigger. Now with the base of the 
trigger housing braced against a firm support, 
press on the sear with the right thumb, reliev¬ 
ing pressure on the trigger pin; then push the 
pin out from left to right. Gradually release 
the pressure with your finger and thumb, al¬ 
lowing the hammer spring to expand. Take out 
the trigger assembly; remove and separate the 
hammer spring plunger, hammer spring, and 
the hammer spring housing. Do not remove the 
sear pin or sear. Push out the hammer pin and 
remove the hammer. Unlatch the trigger guard, 
lay the trigger housing on its right side, and 
push out the stud of the safety. Lift the safety 
from its slot in the trigger housing. 
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Figure 4-12.—Disassembly of .30 caliber rifle Ml. A. Field stripped. B. Detail stripping. 
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Figure 4-13. — Disassembly of trigger housing group. 


Hold the trigger housing in your left hand 
and swing the trigger guard to the open posi¬ 
tion. Slide the trigger guard to the sear until 
the hammer pin holes are over the center of 
the safety stud hole. Rotate the trigger guard 
to the right and upward with your right hand 
until the wings of the trigger guard clear the 
edge of the trigger housing. Remove the trig¬ 
ger guard. 

Assembly 

The rifle is reassembled in reverse order 
of its disassembly. First, assemble the trig¬ 
ger housing group, then the barrel and receiver 
group. This puts the rifle in a field-stripped 
condition consisting of the three main groups 
already mentioned, and shown in figure 4-12A. 
The stock group and the barrel and receiver 
group are fitted together, then the trigger housing 
group is inserted. The operation is completed 
by closing and latching the trigger guard. 


Functioning 

It will help you to understand the rifle's 
eight-step cycle of operation if we first look at 
the functioning of several individual parts. First 
we will take up the trigger housing group, then 
show the actions that take place upon loading 
a clip. We will run through a complete cycle of 
operation, then see what happens when the last 
round of a clip is fired. 

Trigger Housing Group 

Look at figure 4-14 and follow along as we 
explain how this group functions. If you take 
the trigger housing group out of the rifle (close 
and latch the trigger guard and cock the ham¬ 
mer), you will notice that the hammer is held 
in a cocked position by the trigger lugs engag¬ 
ing the hammer hooks. Hold the hammer with 
your left thumb and slowly squeeze the trigger. 
You will see the trigger lugs move forward, 
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3.60.4 

Figure 4-14. — Trigger housing group functioning. 


releasing the hammer hooks. The hammer will 
rotate forward under pressure of the hammer 
spring. Now, release the pressure on the trigger 
and, again cocking the hammer, you will see the 
trigger lugs engaging the hammer hooks to hold it 
cocked. 

In the actual process of firing however, your 
finger will probably not release the trigger be¬ 
fore the operating parts have forced the ham¬ 
mer to the rear. In this case the hammer hooks 
cannot engage the trigger lugs to hold the hammer 
cocked. But, if you have ever fired the rifle, you 
know that somehow the hammer is held cocked 
after a round has been fired, whether you hold 
the trigger depressed or not. 

So, again take the trigger housing group in 
your hand with the hammer in its forward posi¬ 
tion. Slowly force the hammer to the rear with 
your left hand while maintaining pressure on the 
trigger with your right forefinger. After bringing 


the hammer all the way to the rear, release it 
still keeping the trigger pulled. Notice that the 
rear hammer hooks are now engaged by the sear. 
Release the trigger. The sear will move rearward, 
away from the hammer hooks, and the trigger 
lugs will take over the job of holding the hammer 
cocked. It is this action that holds the hammer to 
the rear after each round is fired. 

Action on Loading a Full Clip 

Before a clip is loaded into the weapon, the 
operating rod and the bolt are in their rear¬ 
most position. The follower is all the way up 
in the receiver, being acted upon by the op¬ 
erating rod spring through the follower rod. 
The hump of the follower rod has contacted the 
45° cammin surface of the operating rod catch, 
pushing it upward toward the barrel and causing 
its undercut hook to engage with the hooks on 
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Figure 4-15. — Basic functioning. 


the bottom of the operating rod. This keeps the 
bolt and operating rod to the rear against the 
operating rod spring pressure. You can find 
these parts and follow the actions in figures 
4-12, 4-15, and 4-16. 

When a full clip is placed on the follower 
and pressed downward, the follower arm moves 
down, rotating around its pin. Since the fol¬ 
lower arm is connected to the follower rod, it 
pushes the follower rod toward the muzzle. 
This moves the hump of the follower rod away 
from the 45° camming surface of the operating 
rod catch. 

As the follower reaches its lowest point in 
the receiver, the square shoulder on the fol¬ 
lower arm contacts the rear lip of the acceler¬ 
ator, forcing it upward toward the barrel. Be¬ 
tween its lip and the point where it is fastened 
by its pin to the operating rod catch, the ac¬ 
celerator bears on and pivots about the toe of 
the bullet guide. Since the bullet guide is sta¬ 
tionary, the accelerator forces the front end of 


the operating rod and bolt are now free to 
move forward under the action of the operating 
rod spring. 

NOTE: The accelerator functions only once 
during the cycle of operation—when loading a 
full clip. 

As the forward end of the operating rod 
catch moves downward away from the barrel, 
the long rear arm of the catch moves upward 
and away from the front stud of the clip latch 
(fig. 4-12B). This allows the clip latch spring 
to expand and force the rear stud of the clip 
latch into a notch on the clip. The stud holds 
the clip in the receiver against the action of the 
compressed clip ejector. The operating rod catch 
is held away from the hooks on the barrel by 
the front stud of the clip latch, which is contin¬ 
ually pushing upward against the catch's long 
rear arm. This allows the bolt to move back 
and forth freely until the last round is fired. 
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Figure 4-16. —Bolt and gas cylinder functioning. 


We will explain the actions that occur upon 
firing the last round, after we go through a 
complete cycle of operation. 

A Cycle of Operation 

Feeding takes place when a round is moved 
into the path of the bolt. This is done by the 

follower exerting an upward pressure on the 

bottom round in the clip. The follower is con¬ 
tinuously forced up by the pressure of the op¬ 
erating rod spring through the follower rod and 
follower arm. 

Chambering takes place when the bolt moves 
forward, picking up the top round in the clip 
and driving it into the chamber. 

This action is complete when the extractor 
snaps into the groove on the base of the car¬ 


tridge and the ejector is forced into the face of 
the bolt. 

Locking occurs as the bolt reaches its for¬ 
ward position. As it does, the rear camming 
surafce in the hump of the operating rod forces 
the operating lug of the bolt downward, causing 
the bolt to rotate clockwise. This engages the 
locking lugs on the bolt with their recesses in 
the receiver. Just before the bolt reaches its 
forward position, the tang of the firing pin 
catches on the bridge of the receiver, stopping 
the forward movement of the firing pin. As the 
bolt rotates into its locked position, the tang of 
the firing pin becomes aligned with a cut in the 
bridge of the receiver and is free to be driven 
forward by the hammer. This is a safety fea¬ 
ture which prevents the weapon from being fired 
before the bolt is fully locked. 
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Firing occurs when the trigger is squeezed, 
disdhgaging the trigger hooks from the ham¬ 
mer. The hammer moves forward, striking the 
tang of the firing pin and driving the firing 
pin against the primer of the cartridge, igniting 
the round. 

Uncocking occurs after the roimd has been 
fired. As the bullet nears the muzzle, a small 
portion of the gas behind it is directed down 
through the gas port into the gas cylinder, 
forcing the operating rod to the rear. The cam¬ 
ming surfaces of the operating rod force the 
operating lug on the bolt upward, disengag¬ 
ing the bolt from the receiver. As the bolt 
turns counterclockwise, the firing pin tang con¬ 
tacts the bridge of the receiver, camming the 
firing pin to the rear. 

Extracting occurs during the bolt's rear¬ 
ward movement. Since the extractor is grip¬ 
ping the rim of the cartridge case, the empty 
case is withdrawn as the bolt moves aft. 

Ejection occurs when the mouth of the empty 
case clears the chamber. It is thrown up and 
to the right front by action of the expanding 
ejector spring. 

Cocking happens as the bolt continues to the 
rear, riding over the hammer, forcing it rear¬ 
ward and downward. The hammer is caught by 
the sear, if the trigger is still being pulled, or 
by the trigger hooks if the trigger has been 
released. 


Action Following Last Round 

As each round is fed up into the path of the 
bolt, the hump of the follower rod moves to 
the 45° camming surface of the operating rod 
catch assembly. While the last round is in the 
chamber, the follower is against the bottom of 
the bolt. When the last round fires, the bolt 
comes to the rear and the follower moves all 
the way up into the receiver. It is pushed 
there by the operating rod spring through the 
follower rod and arm. As this happens the hump 
of the follower rod contacts and pushes the 
operating rod catch up toward the barrel. 

When the operating rod catch moves upward, 
its hook catches the hooks of the operating rod, 
holding the rod and the bolt to the rear. 

As the front end of the operating rod catch 
assembly moves up, it pivots around a pin and 
the long rear arm moves down against the front 
stud of the clip latch. The clip latch rotates, 
withdrawing its rear stud from the notch in the 
clip. The empty clip is ejected by the clip 
ejector. 


THE M14 RIFLE 

The M14 rifle (fig. 4-17 and 4-18) is a light¬ 
weight, air-cooled, gas-operated, magazine-fed 
shoulder weapon. It is designed primarily for 
semiautomatic fire, or full automatic fire at the 
cyclic rate of 750 rounds per minute. The 
rifle is chambered for 7.62-mm cartridges and 



29.316 

Figure 4-17.—7.62-mm rifle M14 and controls-left front view. 
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Figure 4-18. — 7.62-mm rifle M14 and controls-right front view. 



29.332 

Figure 4-19. — 7.62-mm rifle M14 with bipod installed. 
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Figure 4-20. —7.62-mm rifle M14 with grenade launcher M76 and grenade launcher sight Ml5. 


is designed to accomodate a 20-round car¬ 
tridge magazine, the M2 rifle bipod (fig, 4-19), 
the M76 grenade launcher (fig. 4-20), and the 
M6 bayonet (fig. 4-21). 

M14 RIFLE CONTROLS 

Figure 4-22 shows the "selector." You po¬ 
sition it as in A for automatic fire, as in B for 
semiautomatic fire. Figure 4-17 shows the "trig¬ 
ger and sear assembly." In firing for semi¬ 
automatic fire you squeeze the trigger for each 
round fired. For automatic fire you squeeze the 
trigger and hold. 

The "safety" is shown in figure 4-18. To 
prevent firing, you press it back from in front 
of the trigger guard. To permit firing, you 
press it forward from inside the trigger guard. 
The safety is placed in the safe position before 
the operating handle is pulled to the rear to cock 
the rifle. 


The rifle is cocked and operated manually by 
the use of the "operating rod handle" (fig. 4-18). 
First you install a loaded magazine, or reload 
an empty magazine already in the rifle. To in¬ 
stall a loaded magazine, insert front end of 
loaded magazine into magazine well, until the 
front catch snaps into engagement; then pull 
rearward and upward until the magazine latch 
locks magazine into position (fig. 4-23). To re¬ 
load an empty magazine in the rifle, first push 
safety into safe (back) position. Then draw the 
bolt assembly all the way back, depress the 
bolt lock (fig. 4-17), and ease the bolt forward 
against the lock. Then insert 5-round car¬ 
tridge clips as shown in figure 4-24. Four 5- 
round clips will fully load the magazine. Re¬ 
lease bolt lock by drawing bolt rearward, and 
close bolt. As the bolt assembly closes, the 
top cartridge in the magazine is forced into the 
chamber. 



BAYONET 
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Figure 4-21. —7.62-mm rifle with bayonet-knife M6. 
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Figure 4-22. —Selector for automatic and semiautomatic fire. 
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Figure 4-23. — Installation and removal of magazine. 
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Figure 4-24. — Loading magazine through cartridge clip guide. 


In the procedure of reloading an empty mag- When the slot of the spindle valve is in verti- 

azine in the - rifle, the rifle cocks when you cal or on position (fig. 4-25, upper view), the 

draw back the bolt assembly. When you in- valve is open, releasing gases necessary for 

stall a loaded magazine in the rifle, however, ordinary functioning of the rifle. When the slot 

the rifle is uncocked and you must cock it to is in horizontal or off position (fig. 4-25, lower 

fire. To do this, you move the operating rod view), the spindle valve is closed. This permits 

handle (fig. 4-18) all the way to the rear and full pressure of gas to be utilized in propelling 

release. This permits the force of the maga- a rifle grenade, 

zine spring to position the top round in path of 
the bolt after the operating rod has moved the 

bolt to its rearward position. As the operat- The rear sight controls consist of a "wind¬ 
ing rod moves the bolt forward, the bottom age knob" (fig. 4-18) and a "pinion assembly" 

face of the bolt engages the base of the car- (fig. 4-17). The function of the windage knob 

tridge, ramming it forward, feeding, chamber- is to adjust the sight laterally. To move the 

ing, and locking it in the barrel. sight to the right, turn knob clockwise; to the 

left, counterclockwise. The pinion assembly 
The "gas spindle valve" (fig. 4-18) controls adjusts the sight aperture vertically. Turn pinion 
the gases used in firing the rifle as follows. clockwise to raise, counterclockwise to lower. 
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Figure 4-25. —Gas spindle valve —on and off 
positions. 


FIRING THE M14 RIFLE 

It may be that the command desires that 
there be no automatic fire. If that is the case, 
the selector on your rifle will be removed, and 
a "selector shaft lock" (fig. 4-18) inserted, so 
that the rifle is capable only of semiautomatic 
fire. 

For a rifle equipped with a selector shaft 
lock, you simply push the safety forward, and 
then fire a round with each squeeze of the 
trigger. 

For semiautomatic fire of a rifle equipped 
with a selector, you position the selector for 
semiautomatic fire, and then fire a round with 
each squeeze of the trigger. 

For automatic fire with selector you pro¬ 
ceed as follows: 


1. Position selector for automatic fire. 

2. Push safety forward. 

3. Squeeze trigger, and rifle will fire auto¬ 
matically as long as trigger is squeezed and 
there is ammunition in the magazine. Release 
trigger to cease firing. 

4. After the last round is fired, the maga¬ 
zine follower (spring-driven plate in the maga¬ 
zine that forces cartridges upward as rounds 
are expended and cases ejected) actuates the 
bolt lock, locking the bolt in rearward posi¬ 
tion. When empty magazine is removed and 
loaded one inserted, the bolt lock releases the 
bolt, which moves forward into battery position, 
chambering the top round as it does so. 

UNLOADING THE M14 RIFLE 

To unload the Ml4 rifle, proceed as follows: 

1. Push the safety to safe (back) position. 

2. Grasp magazine with thumb on magazine 
latch, and squeeze the latch to release it. Push 
the magazine forward and downward to disen¬ 
gage it from the front catch, and then remove 
from magazine well, as shown in right-hand 
view of figure 4-23. 

3. Pull the operating rod handle all the way 
to the rear. 

4. Inspect the chamber to ensure it is clear. 

5. Lock the bolt carrier to the rear by de¬ 
pressing the lower portion of the bolt catch, and 
return the charging handle forward. 

The rifle is clear ONLY when no round is 
in the chamber, the magazine is out, the bolt 
carrier is to the rear, and the selector lever 
is on the SAFE setting. 

FIELD STRIPPING THE 
M14 RIFLE 

Figure 4-26 shows how the M14 rifle breaks 
down into 7 "group assemblies." You should be 
able to disassemble the rifle to this extent, for 
cleaning, lubrication, and maintenance. This pro¬ 
cedure is called "field stripping" the rifle. The 
names of the group assemblies are as follows; 

1. Magazine 

2. Firing mechanism 

3. Stock with butt plate assembly 

4. Hand guard assembly 

5. Operating rod and connector group 

6. Bolt assembly 

7. Barrel and receiver group. 
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Figure 4-26. —Group assemblies of the M14 rifle. 


To withdraw the firing mechanism (no. 2 in 
fig. 4-26) from the stock, proceed as follows: 

1. Remove magazine. 

2. Place safety in safe position AFTER AS¬ 
CERTAINING THAT RIFLE IS COCKED. 

3. Disengage hooked end of trigger guard 
from firing mechanism housing. 

4. Swing trigger guard away from stock (but 
do not rotate more than 90 degrees), and pull 
straight away from stock to draw out firing 
mechanism. 

To remove stock with butt plate assembly 
after removing firing mechanism, proceed as 
follows: 

1. Separate stock with butt plate assembly 
from rifle by grasping the receiver firmly with 
one hand and striking the butt of the stock 
sharply with the palm of the other. 

2. Lift stock from barrel and receiver group. 


To separate the operating rod and connector 
group from the barrel and receiver group, pro¬ 
ceed as follows: 

1. Depress the rear sight to lowest position, 
and turn barrel and receiver group on its side 
with connector assembly upward. 

2. If the rifle has a selector, press in and 
turn selector until the face marked A is toward 
the rear of the sight knob, and the projection 
forward is at an angle of about 35 degrees. Then 
press forward on connector assembly and re¬ 
move as indicated in 3 and 4 below. 

3. If the rifle has a selector shaft lock, press 
forward on rear of connector assembly with 
right thumb as shown in figure 4-27, until the 
front end can be lifted off the connector lock. 

4. Rotate the connector assembly about 35 
degrees clockwise, until the slot at the rear is 
aligned with the elongated stud on the sear re- 
release (see fig. 4-28); then lower the front 
end of the connector assembly and lift it off the 
sear release. 
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Figure 4-27. —Disengaging connector assembly. 
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Figure 4-28. — Removing connector assembly. 
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Figure 4-29. — Component parts of operating rod and connector group. 


The next step is to remove the operating rod 
spring guide (no. 2 in fig. 4-29), th operating 
rod spring (no. 3 in fig. 4-29), and the operat¬ 
ing rod (no. 4 in fig. 4-29), as follows: 

1. With the bar remind receiver group upside 
down, pull forwarcL m operating rod spring, re¬ 
lieving pressure oiPthe connector lock pin. Pull 
lock outward to disconnect the operating rod 
spring guide. 

2. Remove operating rod spring guide and 
operating rod spring. Turn barrel and receiver 
group right side up. 

3. Retract operating rod until key on its 
lower surface coincides with notch in receiver. 
Lift operating rod free and pull to rear, dis¬ 
engaging it from operating rod guide. 

To remove the bolt after removal of the op¬ 
erating rod, grasp the bolt roller that engages 
with the operating rod and slide it forward. 
Lift upward and outward to the right with a 
slight rotating motion and remove bolt from re¬ 
ceiver. 


GRENADE LAUNCHER M76 

The grenade launcher M76 (fig. 4-30) is an 
extension to the Ml4 rifle. The barrel of the 
launcher contains 9 annular grooves number 6 
to 1 and 2a, 3a, and 4a. These are utilized 
to obtain different ranges when firing grenades, 
placing the grenade at different positions on the 
barrel. On the muzzle end bottom portion of 
the launcher is a clip-type retainer spring used 


to hold the grenade on the launcher at a desired 
position. 

Figure 4-20 shows the grenade launcher in¬ 
stalled on the rifle. To accomplish this, in¬ 
stall barrel end of launcher containing clip latch 
to flash suppressor. Push clip latch rearward, 
securing it to bayonet lug of the flash sup¬ 
pressor. 

The grenade launcher sight Ml 5 (fig. 4-20) 
provides an angular measurement of elevation 
for firing rifle grenades and can be used for 
both low angle (direct firing) and high angle fir¬ 
ing. Figure 4-31 illustrates the procedure for 
installing the sight. First install sight to mount¬ 
ing plate, aligning notches of plate with click 
spring tips of the sight as shown in A, figure 

4- 31. Turn clockwise (B in fig. 4-31) until a 
sight mark lines up with 0 degrees on mounting 
plate. At this position the leveling bubble should 
be positioned at level (C in fig. 4-31). 

Two identical sets of calibrations are lo¬ 
cated on the lip of the mounting plate. Each 
set is calibrated in 5-degree intervals from 0 
degrees to 60 degrees elevation, and each is 
numbered in 10-degree intervals. The under 
edge of the lip is serrated to engage the click 
spring of the sight bar assembly. Each click 
is a 5-degree change in elevation. The sight 
bar assembly consists of a 13-centimeter (about 

5- inch) sight bar with a front sight post, a rear 
peep sight mounted on a sight leaf, a leveling 
bubble, and an elevating screw. 

The front sight post and the rear peep sight 
are used when firing direct fire. They are 
just like the sights on the rifle —that is, you 
sight through the rear peep sight over the front 
sight post at the target. At the rear of the 
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Figure 4-30. — Grenade launcher M76. 
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peep sight there are four 1-degree graduations, 
used to make from 1-degree through 4-degree 
changes in elevation. Five clicks of the ele¬ 
vating screw (each click indicates an elevation 
change of 12 minutes) mean a 1-degree change 
in elevation. 

For high-angle fire the front sight post, rear 
peep sight, and elevating screw are not used. 
Instead, the sight bar assembly is rotated until 
the index line on the sight body bracket is 
aligned with the appropriate degree setting on 
the mounting scale plate. When you are in firing 
position you raise or lower the rifle until the 
level bubble is centered in the vial. The vertical 
angle of the bore is now equal to the angle you 
set on the sight. 

The Ml 5 grenade sight can be adjusted hori¬ 
zontally as well as vertically. When correctly 
adjusted, the aiming point of the direct-fire 
sights and the point of impact of the grenade 
will just about coincide. You orient the gre¬ 
nade sight to the rifle sights by the following 
procedure, known as "zoning" the grenade sight. 
Set the rifle sights at zero elevation and wind¬ 
age, place the rifle in a stationary rest, select 
a distant aiming point (150 meters/164 yards 
or more,) and adjust the rifle so that the rifle 
sights are on the aiming point. Then set the 
peep sight of the grenade sight at 0 degrees ele¬ 
vation, by turning the elevating screw a suf¬ 
ficient number of clicks to align the sight body 
bracket with the top or 0-degree graduation on 
the rear of the peep sight, and by rotating the 
sight bar assembly until the index line on the 
sight body bracket corresponds to the 0-degree 
setting on the mounting scale plate. 

Horizontal adjustment is made by loosening 
the two sight leaf screws. Move the peep sight 
the desired distance either to the right or left, 
and then firmly tighten the two sight leaf screws. 

For vertical adjustment sight through the gre¬ 
nade sight and note whether the sight is pointed 
above or below the aiming point. Remove the 
grenade sight bar assembly from the mounting 
scale plate and loosen the two capscrews on the 
inside of the sight body bracket. To raise the 
point of aim of the grenade sight, turn the sight 
body clockwise in relation to the sight body 
bracket. To lower the point of aim, turn the 
sight body counterclockwise in relation to the 
bracket. Tighten the two capscrews and replace 
the sight bar assembly on the rifle. Verify the 
point of aim of the grenade sight. Repeat this 
process until the grenade sight is set on the 
same aiming point as the rifle sight. 


GRENADE FIRING WITH THE M14 

Before placing the grenade on the launcher, 
you load the rifle with the 7.62-mm rifle gre¬ 
nade cartridge M64. Do not remove the safety 
pin of the grenade until you are ready to fire. 
To remove the pin, grasp the grenade with the 
left hand and remove the pin with the right hand. 
Inspect the grenade again to ensure that the 
safety lever is not bent. A bent safety lever 
permits abnormal movement of the striker. If 
abnormal movement has occurred, unlock and 
fire the rifle immediately. 

After the safety pin is removed, the safety 
lever is held in place by the arming clip of the 
adapter. When the grenade is fired, the arming 
clip tends to remain in place because of inertia. 
The arming clip strikes the small extension on 
the bottom of the arming clip retainer. Be¬ 
cause this extension is made of brittle metal, the 
force of the arming clip against it will break it 
and allow the arming clip to fall free. This 
action releases the safety lever and allows the 
fuze to function. After the normal delay inter¬ 
val, the fuze will function and the grenade will 
explode. 

Positions for Low Angle Fire 

You may fire rifle grenades at low angle, 
direct fire targets from the standing, kneeling, 
and prone positions. Except in the prone posi¬ 
tion, fire the rifle with the butt against the right 
shoulder. This allows you to see the target 
through the rear peep sight over the front sight 
post of the Ml 5 sight. Do not fire from the shoulder 
when in prone position, because in this position 
your body cannot move back to absorb the recoil. 
Use a butt rest when firing from the prone 
postion. Even in the other positions, fire from 
the shoulder only when your body can move freely 
with the recoil. 

Do not use the sling when firing at low an¬ 
gle, direct fire targets using the Ml 5 sight. 
Hold the rifle firmly with the left hand near the 
upper sling swivel and the right hand at the small 
of the stock. Hold the left elbow well underneath 
the weapon and exert pressure to pull the butt 
of the rifle snugly into the right shoulder or 
against the butt rest. Hold your right thumb 
alongside the right side of the stock, not around 
the top of the small of the stock. Keep your 
head slanted slightly to the left, well away 
from the sight, to prevent possible injury when 
the rifle recoils. 
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For standing position fire, face the target, 
execute a half right face, and spread your feet 
a comfortable distance apart (about 30 inches). 
Point your left foot generally toward the target. 
Rotate the rifle on its right side, receiver away 
from you, so that when you grasp it with your 
left hand your fingers will be well over the top. 
Your left hand should be at least 2 inches be¬ 
low the upper sling swivel, to ensure that the 
swivel will not recoil against your hand. 

Without changing the grip of your left hand, 
rotate the butt of the rifle into your right shoul¬ 
der. The fingers of your left hand should now 
be well over the top of the rifle, and your left 
elbow should be well underneath the rifle. Do 
not allow the rifle to cant to either side. Hold 
your right elbow at the height of your right 
shoulder or above to form a pocket for the butt 
of the rifle. 

Place your right hand at the small of the 
stock with your right thumb alongside the right 
side of the stock. Slant your head slightly to the 


left so that you can see through the sight, but 
DO NOT PLACE YOUR EYE CLOSE ENOUGH 
TO THE SIGHT TO HAVE IT HIT DURING THE 
RECOIL. Lean into the rifle with your left leg 
bent and your right leg straight but not stiff. 
Lean forward with the whole body, not just with 
the part above the hips. This will allow your 
whole body to rock back as it absorbs the re¬ 
coil. Track a moving target by pivoting evenly 
and smoothly at the waist. 

For kneeling position fire, face the target, 
execute a half right face, and kneel on your 
right knee with the lower part of your right leg 
at right angles to the target and your left foot 
pointing generally toward the target. Do not 
sit on your right heel and do not use your left 
knee to support your left elbow. Such positions 
make it difficult to track a moving target. Place 
the rifle to the shoulder in the same manner as 
for the standing position. Lean well forward 
so that you can rock back with the recoil. Track 
a moving target by pivoting evenly and smoothly 
at the waist. 
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Figure 4-32. — Rifle, 5.56-mm, XM16E1, left and right side views. 
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For grenade firing with the M14 the prone 
position has several disadvantages, and it should 
therefore be used only when necessary. You 
must use a butt rest, such as a tree stump or 
a hole in the ground, because if you fired the 
rifle from the shoulder in the prone position, 
you could not rock back to absorb the recoil. 
Besides, it would be difficult to see through the 
Ml5 sight or to track a moving target. When 
you assume the prone position, place the butt 
of the rifle against any handy rest and your 
right forearm over the top of the butt of the 
rifle to hold it in the firing position. Do not 
allow the rifle to cant to either side. 


Positions for High Angle Fire 


You may use either the kneeling or the sit¬ 
ting position for high angle fire. 

For the kneeling position, face the target and 
kneel on your right knee, keeping the left foot 
pointed in the direction of the target. Because 
you do not track moving targets with high angle 
indirect fire, you may sit on your right heel 
and use your left knee to support your left el¬ 
bow. Place the butt of rifle on the ground 
against your right knee. Grasp the rifle near 
the upper sling swivel with your left hand and 
at the small of the stock with your right hand. 
Your right thumb should be against the right 
side of the stock. 

Rest your weight on your right heel. After 
placing the correct sight setting on the sight, 
lower the rifle and sight along the barrel to¬ 
ward the target to obtain the correct deflec¬ 
tion. Then raise the rifle muzzle slowly un¬ 
til the leveling bubble is centered in its vial. 
Lower your head before firing, to prevent any 
blow-back from striking you in the face. 

For the sitting postiion you face the target 
and sit down, keeping your right leg flat on the 
ground and pointed toward the target. Cross 
your left leg over the right knee so that your 
left knee will support your left elbow. Place 
the butt of the rifle beside your right hip.' Grasp 
the rifle near the upper sling swivel with your 
left hand and at the small of the stock with 
your right hand. Your right thumb should be 
against the right side of the stock. You may 
then sight for deflection, center the leveling 
bubble, lower your head, and fire when ready. 


THE M16E1 RIFLE 

The rifle, XM16E1 (fig. 4-32), is a 5.56- 
mm (about .22 caliber) magazine-fed, gas-op¬ 
erated, air-cooled shoulder weapon. It is de¬ 
signed for either semiautomatic or full auto¬ 
matic fire through the use of a selector lever. 
Although it is equipped with a flash suppressor 
which serves as a stationary piston for launch¬ 
ing rifle grenades, the use of the weapon for 
grenade launching purposes was not authorized 
at the time of writing of this course. 

A "clothespin" bipod, attached as shown in 
figure 4-33, is used in prone and foxhole po¬ 
sitions. 

CLEARING THE 
M16E1 RIFLE 

The first consideration in handling any weapon 
is to make it safe by clearing it. To clear the 
M16E1 rifle, place the butt against the right 
thigh and proceed as follows-. 



29.345 

Figure 4-33. —Attaching "clothespin" bipod to 
M16 rifle. 
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1. Attempt to point the selector lever toward 
SAFE, the position shown in figure 4-34. If 
the weapon is not cocked, the selector lever 
cannot be pointed toward SAFE. If this is the 
case, do not cock the weapon at this time; in¬ 
stead, go on to the next step in clearing. 

2. Remove the magazine as shown in figure 
4-35. Grasp it with the right hand (fingers 
curled around the front of the magazine, thumb 
placed on magazine catch button), apply pres¬ 
sure on the magazine catch button with the 
thumb, and pull the magazine straight out of 
the weapon. 

3. Lock the bolt open as shown in figures 
4-36 and 4-37. Grasp the charging handle with 
thumb and forefinger of right hand, depress 
the charging handle latch with right thumb, 
and pull to the rear (fig. 4-36). When the bolt 
is fully rearward, press the bottom of the bolt 
catch with the thumb or forefinger of the left 
hand (fig. 4-37). Allow the bolt to move slowly 
forward until it engages the bolt catch, and re¬ 
turn the charging handle to its forward position. 

4. Inspect the receiver and chamber of the 
weapon, by looking through the ejection port, 
to ensure that these spaces contain no ammunition. 

5. Check the selector lever to ensure that it 
points toward SAFE, and then allow the bolt to 
go forward by depressing the upper portion of 
the bolt catch. 

CAUTION: The selector must be in the SAFE 
position to prevent damage to the automatic 
sear. 

FIELD STRIPPING 
THE Ml6El RIFLE 

The individual Seabee is authorized to dis¬ 
assemble the M16 to the extent called "field 
stripping." Field stripping can be accomplished 
without supervision and is adequate for normal 
maintenance. As the weapon is disassembled, 
the parts should be laid out on a table or other 
clean surface in the order of removal, from 
left to right. This makes assembly easier, 
because the parts are assembled in the reverse 
order of assembly. 

The steps in field stripping are as follows: 

1. Remove the sling and place the rifle on 
a table or flat surface, muzzle to the left. 
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Figure 4-34. — Selector lever pointing to SAFE. 
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Figure 4-35. —Removing the magazine. 
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Figure 4-36. —Pulling the charging handle 
rearward. 



29.349 

Figure 4-37. —Locking the bolt open. 



29.350 

Figure 4-38. —Pressing takedown pin to the right. 
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Figure 4-39. —Breaking upper receiver away 
from lower receiver. 
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Figure 4-40. —Pressing out receiver pivot pin. 
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Figure 4-41. — Upper and lower receiver groups. 


2. Keeping the muzzle to the left, turn the 
weapon on its right side. Use the nose of a 
cartridge to press the takedown pin (fig. 4-38) 
until the upper receiver swings free of the lower 
receiver (fig. 4-39). CAUTION: The takedown 
pin does not come out of the receiver. 

3. Again using the nose of a cartridge, press 
the receiver pivot pin (fig. 4-40). Separate 



29.354 

Figure 4-42. — Removing bolt carrier from 
receiver. 


the upper and lower receiver groups (fig. 4-41) 
and place the lower receiver group on the table. 
CAUTION: The receiver pivot pin does not come 
out of the receiver. 

4. Pick up the upper receiver group; keep 
the muzzle to the left. Grasp the charging 
handle, pressing in on the latch, and pull to 
the rear (fig. 4-36) to withdraw the bolt car¬ 
rier from the receiver. Grasp the bolt carrier 
and pull it from the receiver (fig. 4-42), When 
the bolt carrier is removed, the charging handle 
will fall free of its groove in the receiver 
(fig. 4-43). Place the receiver on table. 



Figure 4-43. —Removing the charging handle. 


121 


Digitized by LjOOQle 






GUNNER'S MATE G 3 & 2 


5. To disassemble the bolt carrier group, 
press out the firing pin retaining pin by using 
the nose of a cartridge (fig. 4-44). Elevate 
the front of the bolt carrier and allow the 
firing pin to drop from its well in the bolt 
(fig. 4-45). Rotate the bolt until the cam pin 
is clear of the bolt carrier key and remove 
the cam pin by rotating it 90 degrees (1/4- 
turn) and lifting it out of the well in the bolt 
and bolt carrier (fig. 4-46). After the cam 
pin is removed, the bolt can be easily re¬ 
moved, from its recess in the bolt carrier 
(fig. 4-47). 

OPERATING THE 
M16 RIFLE . 

Loading the Magazine 

The magazine has a capacity of 20 rounds 
and may be loaded with any amount up to that 
capacity. The magazine follower has a raised 
portion generally resembling the outline of a 
cartridge. Cartridges are loaded into the mag¬ 
azine so that the tips of the bullets point in 
the same direction as the raised portion of the 
follower (fig. 4-48). 

Loading the Rifle 

With the hammer cocked, place the selec¬ 
tor lever on SAFE. The magazine may be in¬ 



pin. 



29.357 

Figure 4-45. — Removing the firing pin. 


seted with the bolt either open or closed; how¬ 
ever, you should learn to load with the bolt 
open. This reduces the possibility of a first- 
round stoppage and saves the time required to 
chamber the first round by pulling back the 
charging handle. 

Open the bolt and lock it open as previously 
described. Hold the stock of the rifle under 
the right arm with the right hand grasping the 
pistol grip, and point the muzzle in a safe di¬ 
rection. With the left hand, insert a loaded mag¬ 
azine into the magazine feedway. Push upward 
until the magazine catch engages and holds the 
magazine. Rap the base of magazine sharply 
with the heel of the hand to ensure positive 
retention. Then release the bolt by depressing 
the upper portion of the bolt catch as previously 
described. The bolt, as it rides forward, will 
chamber the top round. 
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Figure 4-48. — Loading cartridges into magazine. 

If you load the rifle with the bolt closed, 
you chamber the top round by pulling the charg¬ 
ing handle fully to the rear and releasing it. 
NOTE: Do not "ride" the charging handle for¬ 
ward with the right hand. If the handle is eased 
forward from the open position, the bolt may 
fail to lock. If the bolt fails to go fully forward, 
strike the forward assist assembly (fig. 4-32) 
with the heel of the righthand. 

After the last round is fired, the bolt catch 
will hold the bolt open. Press the magazine 
catch button to release the empty magazine, 
remove it, and insert a full magazine. 

Unloading the Rifle 

To unload the rifle and make it safe, place 
the selector lever on SAFE, press the maga¬ 
zine catch button and remove the magazine, 
pull the charging handle to the rear, inspect 
the chamber to ensure it is clear, lock the bolt 
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Figure 4-46. — Removing the cam pin. 


29.358 

Figure 4-47. — Removing the bolt. 
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Figure 4-49. —Carbine, caliber .30, Ml. 


carrier to the rear by depressing the lower 
portion of the bolt catch, and return the charg¬ 
ing handle forward. 

The rifle is clear (and therefore safe) ONLY 
when no round is in the chamber, the maga¬ 
zine is out, the bolt carrier is to the rear, 
and the selector lever is on the SAFE setting. 


CARBINE, CALIBER .30 Ml 

The first of a series of carbines (short, light 
rifles) was the Ml developed by Winchester 
Army early in World War II. It was used ex¬ 
tensively by the Army, Marine Corps, and various 
units of the Navy. 


GAS CYLINDER 



84.247 

Figure 4-50. —Gas mechanism, Ml carbine. 
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While the carbine does not have the "stop¬ 
ping power" of the .45 cal. weapons, its 300- 
yard effective range makes it much more use¬ 
ful than a pistol in the hands of a man who has 
received normal marksmanship training. 

There are other models of the carbine (Ml Al, 
M2, and M3), but the Ml is the model you are 
most likely to encounter. 

The Ml carbine (fig. 4-49) is a semiauto¬ 
matic, gas operated (with a short recoil), mag¬ 
azine-fed weapon. Both the 15-round and 30- 
round magazine will work with the Ml. The .30 
cal. ammunition used with the Ml is NOT, 
however, interchangeable with that of other .30 
cal. weapons. 

The first Ml carbines (and there are still 
some of these around) were issued with an L- 
type sight. Both the long and the short arm of 
the sight have a peephole. With the short arm 
raised into position, the sight is preset for 150 
yards range. The longer arm is raised for 
shooting at targets 300 yards away. There is 
no in between. There is also no provision for 
windage. 

The later Ml has an adjustable sight gradu¬ 
ated in 50-yard increments from 100 to 300 
yards. It also can be adjusted for wind. 

Nomenclature 

The gas cylinder and piston (fig. 4-50) are 
located under the barrel forward of the re¬ 
ceiver. They transmit the force developed by 
the fired round to operate the weapon in much 
the same way as for the Ml rifle. The piston 
travels back and forth in the gas cylinder, be¬ 
ing driven rearward by powder gas pressure 
which enters the cylinder through a gas port in 
the barrel, and forward by the operating slide 
moving in counter recoil. The after end of the 
piston projects out of the cylinder through the 
nut, and rests against the forward end of the 
operating slide. Total rearward movement of 
the piston is only about 9/64 inch, but it raps 
the operating slide hard enough to drive it to 
its fully recoiled position. 

The operating slide actuates the bolt and 
carries it through its part of the operating cy¬ 
cle. The forward part of the operating slide 
forms a cradle which slides back and forth under 
the barrel. The rear portion of the operating 
slide projects back along the right side of 
the receiver, ending in a hook shaped pro¬ 
jection (operating handle). A hump toward the 
end of the operating slide is cut out to form the 
bolt camming recess. The bolt operating lug 


rides in this recess, being cammed up or down 
to unlock or lock the bolt. 

The operating slide spring provides the power 
for counterrecoil action. It surrounds the spring 
guide. The after end of the guide fits into a 
well in the receiver. When the operating slide 
moves aft during firing, the spring guide moves 
into the receiver. The spring is too large to 
enter the well, and is compressed. When the 
force of recoil is spent, the spring carries the 
slide forward. 

The bolt contains the firing pin, extractor, 
and ejector. In its rearward movement the 
bolt will cam the hammer back and downward 
to its cocked position. As the bolt comes for¬ 
ward, it forces the next round into the chamber. 

The bolt has a hole, drilled through its full 
length, in which the firing pin fits. A tang on 
the end of the firing pin extends out the rear end 
of the bolt. The tang receives the blow from 
the hammer to fire the round. 

The trigger housing group is shown in figure 
4-51. The parts have conventional small arms 
nomenclature and function. We will see how 
they work as we explain a cycle of operation. 

Cycle of Operation 

When the carbine is loaded and the bolt is 
closed, the hammer (fig. 4-52) is held by the 
sear which engages a notch in the hammer. A 
lip on the rear of the hammer is seated under 
the rear of the sear. When the trigger is 
pulled, it pivots around its pin, raising at the 
rear and rotating the sear with it. The sear 
also pivots around the trigger pin; its front 
end goes down, disengaging the sear notch of the 
hammer. The spring-loaded hammer, now re¬ 
leased, moves forward to strike the primer of 
the cartridge. 

If the bolt is not fully rotated into its locked 
position, this action will not take place, be¬ 
cause the tang of the firing pin is blocked by 
the bridge of the receiver until the tang is 
aligned with a slot in the bridge. 

As the bullet is forced down the barrel past 
the gas port, some of the powder gases are di¬ 
rected through the port into the cylinder where 
the gas strikes the piston. The piston is driven 
to the rear only about 3/16 inch when it smacks 
into the operating slide. The slide is driven on 
to the rear; the piston stops after contacting 
the gas cylinder nut. 

For the first fraction of an inch the oper¬ 
ating slide moves to the rear independently of 
the bolt. The lug on the bolt merely rides in 
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Figure 4-51. —Trigger housing group, Ml carbine. 


the straight section of the recess in the oper¬ 
ating slide. This delay in the unlocking pro¬ 
cess allows the projectile to leave the muzzle 
and relieve pressure in the barrel before the 
bolt is opened. 

As the operating slide camming surface comes 
into contact with the operating lug on the bolt, 
the bolt is rotated, disengaging the bolt's locking 
lugs from the recesses in the receiver. Rotation 


of the bolt also causes the firing pin to withdraw 
into the bolt. 

The operating slide continues on to the rear, 
carrying the bolt with it. The empty cartridge 
is hauled out of the chamber during this move¬ 
ment. When the mouth of the cartridge clears 
the breech, the ejector (which has been contin¬ 
ually pressing on the base of the cartridge) 
flips the empty case out of the weapon. 
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Figure 4-52. — Trigger and bolt functioning, Ml carbine. 


As the bolt rides over the hammer, it forces 
it back. The sear comes into contact with the 
sear notch of the hammer, and is carried for¬ 
ward slightly. This causes the after end of the 
sear to ride off the lip of the trigger. 

When the bolt completes its rearward move¬ 
ment, the operating slide spring takes over and 
pushes it forward, sliding a new round into the 
chamber in the process. The hammer, under 
its spring pressure, rides on the bottom of the 
bolt and tends to follow it. 

It only rotates a short distance before it is 
brought up by the sear. When pressure on the 
trigger is released, the hammer spring im¬ 
parts a slight forward motion to the hammer. 


The hammer pivots just enough to push the 
sear slightly backward, causing its rear end to 
ride up over the trigger lip. This completes 
the cocking action. 

As the bolt reaches its forward position, the 
rim of the cartridge case is engaged by the ex¬ 
tractor, and the base of the cartridge forces 
the ejector into the bolt against ejector spring 
pressure. The operating lug on the bolt is 
cammed downward by the camming recess in 
the operating slide, rotating the bolt and en¬ 
gaging its locking lugs in the receiver. The 
operating slide continues forward a fraction of 
an inch. The carbine is now ready to be fired 
again. 
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Disassembly 

For cleaning and inspection, the carbine is 
first disassembled into three main groups — 
barrel and receiver group, trigger housing group, 
and the stock and handguard. To do this, loosen 
the front band screw and slide the band (fig. 
4-49) off the stock. Remove the handguard. The 
barrel and receiver group and the trigger housing 
group can be lifted out of the stock as one unit. 

Next, remove the slide spring and guide by 
disengaging the guide from its seat on the slide 
and withdrawing it to the left, out of its well in 
the receiver. 

The trigger housing group is then separated 
from the barrel and receiver group. To do 
this, cock the hammer by pulling the operating 
slide to the rear and pushing it forward again. 

Take out the trigger housing pin and remove 
the trigger housing group by sliding it toward 
the muzzle. Next, take out the operating slide 
and bolt. 

This is the extent of disassembly for nor¬ 
mal cleaning and inspection. For more de¬ 
tailed instructions refer to the Army Field 
Manual for the .30 cal. carbines, FM 23-7; 
TM-9-1276 and TM-9-1005-210 (Series). 

Assembly 

The carbine is assembled in reverse order 
of its disassembly, following the additional pro¬ 
cedures below. 

Hold the bolt by its operating lug so that the 
tail of the firing pin is opposite its notch in the 
receiver. Then lower the bolt into position. 

Now hold the forward end of the slide in the 
right hand, palm up. Slide the bolt forward 
until its forward end is about 1-1/2 inch from 
the chamber; hold it in this position with the 
left thumb. Engage the operating lug of the 
bolt in the operating cam groove of the slide. 

Raise the forward end of the slide so that 
the dismounting lug on its left side is opposite 
the notch in the left groove on the under side of 
the barrel. Then, by slightly twisting the slide 
to the right, engage the operating lugs of the 
slide in the operating grooves of the barrel. 
Move the slide and bolt to the rear until the 


operating slide lug is seated in its groove in 
the receiver; then close the bolt. 

Place the barrel and receiver on their left 
side, muzzle to the left. Replace the trigger 
group assembly by engaging its grooves with 
the corresponding grooves in the receiver, and 
then replace the retaining pin. 

Insert the small end of the guide rod in the 
loosely coiled end of the operating slide spring 
Insert the closely coiled end of the spring into 
its well in the receiver. By pressing on the 
shoulder of the guide rod, compress the spring 
until the end of the guide rod can be inserted 
into its seat in the slide. 

Next, make certain the safety is to the left. 
Place the barrel and assembled groups in the 
stock. Replace the handguard. Slide the front 
band down over the end of the handguard and 
stock until it is engaged by the restarining 
spring. Then tighten the front band screw. 


SHOTGUNS 

Shotguns used by the armed forces are not 
specialized military weapons, but civilian mod¬ 
els procured for certain used like guard work 
and skeet shooting. The armed forces use a 
variety of makes and models of shotguns. 

This section will take up the functioning, 
construction, and maintenance inspection of the 
two standard issue shotguns that you will most 
likely encounter in the fleet—the two Winches¬ 
ters, M97 (hammer type) and Ml 2 (hammer¬ 
less). For information on other shotguns that 
you may come across, see Army technical 
manual TM-9-1005-206 (Series). 


WINCHESTER SHOTGUN M97 

Now, let's go into a little detail on the Win¬ 
chester 12-gage M97, used in the Navy for 
guard work (fig. 4-53). This is a manually 
operated repeater, slide action hammer type 
shotgun with full-cylinder plain 20-inch barrel. 
(Grades for skeet and trap use are available 
with other barrels.) It is available in either 
takedown or solid-frame construction, and nor¬ 
mally comes equipped as a riot type with bayonet, 
handguard, and bayonet attachment. For positive 
identification of this shotgun, look for the maker’s 
name, gage, model, and barrel boring at the top 
of the barrel near the breech end. The serial 
number is stamped on the lower face, forward 
end, of the receiver, and also on the barrel 
breech end, lower face. 
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Figure 4-53. —Winchester shotgun M97, riot type. A. Depressing the action slide lock release 
plunger pin, and retracting action slide. B. Setting hammer at half cock. C. Loading the magazine. 
D. General view. 


CHARACTERISTICS OF THE 
WINCHESTER SHOTGUN M97 
(RIOT TYPE) 


Length (in. overall) with 20-in. 

barrel (approx.). 39 

Weight without bayonet (lb). 7.2 

Maximum muzzle velocity, avg. 
over 40-yd range (fps). 1,070 


Approximate chamber pressure (psi) . . 11,000 


Length of barrel, riot type only (in.)... 20 

Approximate maximum range 

( #00 buckshot) (yd). 748 

Patterns (percentage) of shot in a 
30-in. diameter circle at 40 yds. 

(100 buckshot).33-1/3 

Bore.12 gage 

Trigger pull (lb). 4to8 

Shell capacity.5 in magazine, 

1 in chamber 
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cammed up and down. The carrier contains 
the hammer, sear, and action slide lock. Note 
the concave (hollowed-out) part of the carrier. 
A similar concavity is in the top side of the 
carrier. 

The rectangular breech bolt contains the 
firing pin, firing-pin lock, and extractors. The 
boxlike part of the bolt below the bolt's forward 
end contains the action slide hook screw hole. 

Now look at figure 4-54 to see how the 
mechanism works. Part A shows the position 
of the mechanism with the action slide handle 
pulled aft. The action slide bar which is con¬ 
nected to the handle, has on its extreme after 
end a lug that fits into the carrier's camming 
groove, camming the carrier downward. Move¬ 
ment of the action slide handle also actuates a 
linkage (not shown) to draw a shell from the 
magazine and deposit it on the upper concave 
surface of the carrier. 

In this position, the action slide bar's after 
end engages the action slide hook, which is 
pinned to the breech bolt, thus pulling the bolt 
to rearward position, opening the breech, and 
camming the hammer back to cocked position. 

Figure 4-54B shows the mechanism with 
the action slide handle pushed forward. As the 
action slide bar cams the carrier upward, it 
pulls the action slide hook and bolt forward, so 
that they strip the shell from the upper surface 
of the carrier and drive it into the chamber. 
The hammer is left in cocked position, en¬ 
gaged by the sear. The action slide lock on the 
carrier slips upward and locks the action slide 
bar so that the bar and action slide handle can¬ 
not be moved back. The shotgun is now ready 
to fire. 

When the hammer falls in firing, the action 
slide lock is automatically disengaged, so that 
the slide handle can be pumped for ejecting, 
reloading, and recocking. 

There is no trigger safety on this shotgun. 
To set the gun at SAFE, you move the hammer 
to HALF COCK, which also locks the trigger 
and the action slide handle. Half cock is the 
hammer position midway between full-cock and 
hammer-released positions. 

Loading and Firing The 
Winchester M97 

To load the gun chamber from the magazine, 
first disengage the action slide lock so that the 
action slide handle can be operated. If the gun 
has just been fired, do this by moving the ac¬ 
tion slide handle slightly forward to unlock it. 


(When the gun is fired as a repeater, and the 
gunner holds the handle, gun recoil automati¬ 
cally acts to unlock it.) If the hammer is at full 
cock, press the action slide lock release plunger 
pin (fig. 4-53A) and push the handle forward 
to unlock. If the hammer is at half cock, pull 
back to full cock, and proceed as above to 
unlock. 

With the action slide handle unlocked, move 
it smartly back, then forward. The shotgun 
can now be fired. 

When the hammer falls in firing, the action 
slide lock disengages automatically. But if the 
chamber is to be opened or the gun unloaded 
without firing, the hammer must be set at 
SAFE, and the slide-lock release plunger (which 
disengages the slide lock) depressed. Then the 
action slide handle can be pulled back to eject 
the shell in the chamber (fig. 4-53A). 

The procedure for setting the hammer at 
half cock (fig. 4-53B) is as follows: 

1. Set the hammer at full-cock, either by 
pulling it back with your thumb or by operating 
the action slide handle. 

2. Hold the hammer firmly with the thumb, 
press the trigger, and ease the hammer down 
slightly beyond half-cock position. Release pres¬ 
sure on the trigger as soon as the hammer is 
released from full cock. 

3. Pull the hammer back until it clicks 
into position at half-cock. 

The only safe way to carry the shotgun with 
chamber loaded is at half-cock. NEVER let the 
hammer down when there is a live shell in the 
chamber, except in the act of firing. 

To set the hammer at full-cock again, simply 
pull it back with the thumb. The shotgun is 
then ready to fire. 

To empty the chamber without firing, after 
the hammer has been set at half cock, pull the 
hammer back to full-cock, press the action 
slide lock release plunger pin, and retract the 
actionslide handle. 

To load the magazine (fig. 4-53C), press 
the shell, nose first, into the after end of the 
magazine against the magazine follower, until 
the spring-loaded retainers or SHELL STOPS 
snap out behind it to hold it. Load another in 
the same way, and continue loading until all 
five are in. To transfer a shell from magazine 
to chamber, work the slide handle back and 
forth once. 

To unload the magazine, press in the two 
sheU-stop plungers on the magazine, and let 
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the shells slide out. Retract the action slide 
handle to eject a chambered shell. Inspect re¬ 
ceiver and chamber to be sure the gun is com¬ 
pletely empty. 

Loading and unloading the magazine should 
be done only with the hammer at half-cock. 

To load the chamber only, with magazine 
empty, retract the action slide handle; place the 
shell directly in the chamber through the ejec¬ 
tion opening in the receiver; close and lock the 
bolt by pushing the slide handle forward again; 
and set the hammer at half-cock. 

SAFETY PRECAUTIONS WHEN LOADING, 
UNLOADING, AND FIRING. —In addition to the 
general safety precautions applicable to small 
arms, note the following specific precautions 
for this weapon. 

l a Keep the hammer at half cock (safe) 
when the gun is loaded unless you are about to 
fire. 

2. Never let the hammer down on a loaded 
chamber except in firing. 

3. When operating the action slide handle: 

a. Keep fingers outside the trigger guard. 

b. Keep the gun pointed in a safe direction. 

Maintenance Inspection Of 
Winchester M97 Shotguns 

VISUAL INSPECTION AND ELEMENTARY 
REPAIRS. — The parts most important to in¬ 
spect visually are the barrel and bore. Look 
for looseness of the barrel in the receiver, for 
rust, pits, leading, cracks and bulges. If it's 
loose, tighten it. Remove leading (dull gray 
streaks) and rust (dark patches) from the bore. 
Bulges, cracks, or serious rust and pitting 
mean that the barrel should be replaced. Bulges 
may not be easy to detect. Look for a shadowy 
depression or dark ring in the bore, and for 
a raised ring or distortion on the barrel outer 
surface. And check for loose wood screws and 
cracks in wood parts. 

The simple maintenance and repair opera¬ 
tions that will take care of many defects re¬ 
vealed by visual inspection can be performed 
easily by most small-arms repair personnel, 
even by those not necessarily shotgun experts. 
Such operations (other than routine cleaning 
and lubrication) include repair of cracks in 
wood parts, reseating wood screws, and tight¬ 
ening barrels in their receivers, and they ap¬ 
ply both to M97 and Ml 2 Winchester shotguns. 


Rust or corrosion outside the bore can, if 
it's light, be removed with an oily rag or a rag 
moistened with rifle bore cleaner. More stub¬ 
born deposits may require careful rubbing with 
crocus cloth or even with fine steel wool. Be 
careful not to scratch metal surfaces any more 
than necessary. To remove corrosion or lead¬ 
ing in the bore, push a wad of fine steel wool 
straight through it several times. Don't scrub 
or turn the wad in the bore. 

When wood screws strip out, you can reset 
them by boring out, plugging, reboring the strip¬ 
ped hole, and reseating the screw. You can 
often scheck small wood cracks by boring a 
small hole just ahead of the crack and plugging 
it with shellac or plastic wood (NOT with a 
wooden plug). But if the crack is extensive, 
replace the part. 

In takedown type Winchesters, you can tight¬ 
en a loose barrel and magazine where they 
mate with the receiver as follows: 

1. Take down the gun. Remove lock screw 
from receiver extension. Slide back and dis¬ 
engage adjusting sleeve lock from adjusting 
sleeve (fig. 4-55). 

2. Turn sleeve back one notch, engage lock 
with sleeve, and replace lock screw. 

3. If barrel is still loose when reassem¬ 
bled, repeat until tight. 

FUNCTIONING INSPECTION. —This is done 
with the gun completely assembled. Be sure 
it's not loaded. Use dummy shells. If none 
are available, you can use fired, shells if you 
bend inward the prongs at the open end so that 
the length of the shell is about the same as that 
of a live shell. NEVER use live shells for 
testing. Here is the testing procedure: 

1. With breech bolt locked, and hammer at 
full cock, press in the action slide lock re¬ 
lease plunger pin. Push action slide handle 
forward slightly and pull smartly and fully to 
the rear; then push smartly and fully forward. 
Repeat several times to test smoothness of 
action. Do not slam the mechanism. 

2. Let hammer down to half cock, press 
release plunger pin, and try to retract action 
slide as above. It should not be possible to 
do it. 

3. Retract hammer slightly to clear sear, 
retract trigger, and ease hammer down to fired 
position. Repeat test as in 1 above. The action 
slide should retract. 
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Figure 4-55. — Winchester shotgun M97. Barrel adjusted sleeve (disassembled). 


4. Retract slide as in 1. above, release 
plunger pin, and push slide smartly and fully 
forward to lock breech bolt. Then try to re¬ 
tract action slide. This should be impossible 
with hammer at full cock until action slide lock 
is disengaged. 

5. With breech bolt locked and hammer at 
full cock, pull trigger to test firing mecha¬ 
nism. Set hammer at half cock and try to pull 
trigger. Since at half cock the firing mecha¬ 
nism is in SAFE position, pulling the trigger 
should NOT fire the gun. 

6. With hammer at full-cock, close but do 
not lock breech bolt. Then try to fire. The 
gun should not fire until the breech bolt is 
locked. 

7. Put two dummy or fired shells in the 
magazine. Work the action to test gun for feed¬ 
ing, loading, extraction, and ejection. The second 
shell should not leave the magazine until after 
the carrier drops as the first shell is ejected. 

NOTE; Fired shells may not work through 
the action as easily as live or dummy shells. 
Allow for this when testing. 

8. Test for trigger pull, using the same 
general method as that described for carbines. 
Trigger pull should be between 5 and 8 pounds 
with the pressure to be applied about 1/4 inch 
from the lower end of the trigger and parallel 


with the barrel. When testing, the gun must be 
unloaded, action locked, and hammer at full 
cock. 

The functioning inspection is extremely im¬ 
portant. If a bolt fails to lock properly or a 
slide lock or similar part fails to function, the 
breech may blow open when the gun is fired, 
with a risk of serious injury to the firer. No 
gun is acceptable unless it passes ALL phases 
of functioning inspection. If repair parts, proper 
tools, and qualified personnel are aboard, de¬ 
fective weapons should be repaired. (See Army 
TM-9-1005-206 (Series) for information on trou¬ 
bleshooting and repair work.) Otherwise defective 
shotguns should be turned in to the issuing ac¬ 
tivity (or Naval Supply Center) for replacement. 

WINCHESTER SHOTGUN Ml2 

The Winchester shotgun M12 is a manually 
operated "hammerless" repeater of the slide- 
action type generally issued in 12-gage (but 
you'll sometimes find 16-gage specimens). The 
barrel, magazine, and action slide group are 
similar in design to (though not interchangeable 
with) those of the M97, but the receiver and 
operating mechanism differ. The riot type gun 
(the one most often issued in the Navy) is usually 
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Figure 4-56. — Winchester shotgun M12. A. General view. B. Trigger (safety) lock. C. Loading 

the magazine. 


furnished with a 20-inch plain full-cylinder bore 
barrel, and may be equipped with a bayonet 
attachment and hand guard at the barrel's muzzle 
end. Figure 4-56A shows a sporting model. 
Identification marks are located in the same 
places as on the M97. 

Loading and Firing The Ml 2 
Winchester Shotgun 

In general outline, the operations required 
for laoding and firing the Ml2 Winchester are 
similar to those for the M97. Here are the 
main differences (concerned mostly with the 
concealed hammer of the "hammerless" Ml 2, 
and the slightly different loading arrangements): 

1. There is no hammer half-cock position. 
The shotgun trigger safety is a lock button 
in the trigger guard bow (fig. 4-56B). In SAFE 
position (pushed to the right) it blocks trigger 
movement rearward. Pushing it to the left (to 


FIRE position) reveals a red band and unlocks 
the trigger. If there is a shell in the chamber, 
the safety should be at SAFE unless the gun is 
to be fired. Safety precautions when firing are 
similar to those for the M97. Keep fingers out 
of the trigger bow when operating the action slide 
handle, and release the trigger completely be¬ 
tween shots. 

2. As with the M97, the gunner disengages the 
action slide lock after each shot by moving 
the action slide handle slightly forward before 
retracting it. (When fired as a repeater, this 
happens automatically.) But if the hammer is 
already cocked he must first press up the rear 
end of the action slide lock (visible in the re¬ 
ceiver just to the left of the trigger) to disengage 
it. 

3. To load the magazine, press a shell, nose 
first, into the rear of the magazine against 
the magazine follower until it slips in front of, 
and is retained by the carrier. Load other 
shells in the same way until five in all are 
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loaded. Loading should be done with the breech 
bolt locked. 

4. To unload magazine, press up the carrier 
with breech bolt locked, and allow the shells 
to slip out one by one. 

5. To transfer a shell from magazine to 
chamber, slide trigger lock to SAFE, release 
action slide lock, and operate action slide han¬ 
dle. Test breech bolt for locking by trying to 
retract slide handle. (It should not retract.) 
Leave trigger lock on SAFE unless you intend 
to fire at once. 

6. To unload the gun, slide trigger lock to 
SAFE, and unload magazine. Disengage slide 
handle to extract and eject shell in chamber. 
Inspect magazine and chamber to be sure gun 
is empty. 

7. Loading the chamber without loading the 
magazine is done exactly as with the M97, 
except that you set the Ml 2 trigger safety button 
at SAFE. 

Functioning of the 
Winchester Ml 2 

As with the M97, the mechanism of the Ml2 
is operated when you work the action slide han¬ 
dle back, then forward. A cam lug on the action 
slide bar after end engages a camming aperture 
in the left side of the breech bolt. As the slide 
moves aft, the breech bolt rear end is cammed 
down from in front of the locking shoulder in 
the top of the receiver and the bolt moves to the 
rear. As the slide moves forward, the breech 
bolt also moves forward and its rear end is 
cammed up in front of the locking shoulder. 

As the breech bolt moves aft it cams back 
the hammer which is caught and held by a hook 
(fig. 4-57A) on the action slide lock. As the 
breech bolt reaches forward position, the ac¬ 
tion slide lock, which has been held down by the 
action slide bar, is released and springs up 
behind the action slide bar to block its rear¬ 
ward movement (fig. 4-57B). At the same time, 
the lock releases the hammer, which is then 
held by the sear. 

The Ml2 Winchester, much like the M97, 
uses a carrier (not illustrated) to transfer shells 
from the magazine to the chamber, but the timing 
of its operation is a little different from the 
M97. As the breech bolt starts forward it cams 
the carrier up and down rapidly. The shell 
resting on the carrier is lifted in line with the 
bore and the breech bolt pushes it into the 
chamber. The carrier has immediately returned 
to the lower position and is in readiness to 


receive another shell. As the breech bolt closes, 
the action slide bar cams the shell cut-off 
to release a shell from the magazine. The 
magazine spring pushes it onto the carrier. 

The fired shell is extracted from the cham¬ 
ber by the extractors in the breech bolt as the 
bolt moves to the rear, and is knocked out of 
the receiver by the ejector through the ejection 
opening. 

Maintenance Inspection Of The 
Ml 2 Winchester Shotgun 

VISUAL INSPECTION AND ELEMENTARY 
REPAIRS. — These aspects are the same for the 
Ml2 as for the M97, discussed earlier, even 
unto details of tightening the barrel. 

FUNCTIONING INSPECTION. — As with the 
M97, you can use fired shells, even if some¬ 
what deformed, for functioning tests if you 
turn in the open ends. But make allowances 
for these deformations when judging smoothness 
of action. Be sure the gun has no live ammunition 
in it when performing these tests. Here are the 
testing operations: 

1. With breech bolt locked and hammer cocked, 
press upward on the action slide lock rear 
end. Push action slide handle forward slightly, 
pull smartly and fully to the rear, then push 
smartly and fully forward. Do this several times 
to test smoothness of action. But don't slam 
the mechanism. 

2. Retract action slide as in 1. above, re¬ 
lease pressure on rear of action slide lock, 
and push slide smartly forward to lock breech 
bolt, then attempt to retract the action slide. 
The action slide should not retract. 

3. Pull the trigger to make the hammer 
fall. Try to retract the action slide. It should 
retract. 

4. Retract it fully, then push forward until 
the breech bolt is fully forward, but not raised 
to the locked position. Pull the trigger to re¬ 
lease the hammer. The hammer should not 
descend until the breech bolt is fully locked. 

5. Place two more dummy or fired shells 
in the magazine and work the action to test 
for feeding, loading, extraction, and ejection. 
The second shell should not leave the magazine 
until the breech bolt is locking behind the first 
shell in the chamber. 

6. With breech bolt locked and hammer cocked, 
push the trigger safety lock all the way to the 
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Figure 4-57. —Winchester shotgun Ml2. Breech bolt and action slide bar groups. A. Action slide 
bar disengaged; hammer locked. B. Action slide lock engaged; hammer unlocked. 


right. Pull the trigger. The trigger should not 
retract nor should the hammer descend. 

7. Push trigger lock all the way left, so 
that red band shows, and pull the trigger. The 
trigger should retract and release the hammer. 


LINE-THROWING GUN 

The line-throwing gun (fig. 4-58) is used to 
pass a small line from ship to ship or from a 
ship to the beach. A projectile, with one end 
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Figure 4-58. — Caliber .45 line-throwing gun and projectile. 
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of the line attached, is fired from the gun by 
the impulse of a blank cartridge. This small 
line serves as a messenger for the larger 
running lines of refueling rigs, high lines, breech¬ 
es buoys, etc. 

The gun is single shot. It has a smooth bore 
(.45 cal.), with a short barrel of tip-down ac¬ 
tion hinged to the frame. It is ruggedly con¬ 
structed, and the breech has been heavily rein¬ 
forced to withstand the relatively high chamber 
pressures. 

The shot line is made of nylon with a mini¬ 
mum (when new) breaking strength of 125pounds. 
It is wound on a wooden spindle in such a way 
that, when the spindle is removed for firing, 
it will pay out without fouling. The ammunition 
is made up of a blank 45-70 cartridge is loaded 
through the breech of the gun and the projectile 
through the muzzle. 

The projectile (fig. 4-58) is made up of 
three major units: a buoyancy chamber, an il¬ 
luminating unit, and the rod. The buoyancy 
chamber is a plastic bottle-shaped cylinder 
fitted onto the front of the rod. It serves to 
keep the projectile afloat. The illumination unit 
is essentially a small flashlight which is en¬ 
closed in the buoyancy chamber. It is especially 
useful during night operations for obvious rea¬ 
sons. The rod is the part of the projectile that 
goes in the gun's muzzle. The nylon shot line is 
attached to a slide on the rod. If the rod gets 
scratched, burred, or slightly bent, use fine 
emery cloth to get it back into shape. Do NOT 
fire any projectile that fails to enter the bore 
freely. 

Firing The Gun 

It takes two men to safely fire the line¬ 
throwing gun unless the special cannister is 
used. One man holds the coiled line and the 
other fires the gun. Assuming that the projec¬ 
tile has been properly prepared, follow this 
procedure: 

Both men station themselves at the rail, the 
man holding the coiled line to leeward of the 
shooter. On a ship underway this precaution 
normally puts the man with the gun forward of 
the man holding the line. 

If the line has not yet been attached to the 
projectile, do it now. Knock out the wooden 
spindle; pull enough line from the center of the 
coil and tie it to the slide on the projectile. 
Don't pull out any more line than is necessary 
for this operation. 


Try the projectile in the bore of the gun. It 
must pass through freely. Now take the pro¬ 
jectile out of the bore. 

Standing at the rail, open the breech by 
pressing the unlocking lever to one side. 

Insert a cartridge into the breech. 

Close the breech. 

Insert the projectile rod into the bore as far 
as it will go. 

Brace the gun firmly against the shoulder. 
Cock the gun by pulling back on the hammer 
until it reaches the full cock position. 

Aim the gun. At short ranges the gun is 
fairly accurate. At long ranges, however, you 
will have to elevate your aim and use "Kentucky 
windage" to lead the target. The path of the 
projectile and line are seriously affected by 
wind. Also, the projectile is relatively slow 
moving, so target speed is a factor in aiming 
the gun. About the only firm rule we can lay 
down her is that your shot should be placed 
well clear of personnel on the receiving ship. 

Fire the gun. 

When the man holding the coiled line sees 
that the projectile has definitely crossed the 
other ship, he squeezes the coil, halting any 
further paying out of the shot line. 

Take a bight in the line and secure what is 
left in the coil with it. Bend your shot line to 
whatever running lines are going to be sent 
over to the receiving ship. 

Your interest in the proceedings now is 
largely one of trying to get your shot line and 
projectile sent back with the rig. 

Note 1: In the event of a misfire, keep the 
gun braced against your shoulder and pointed in 
a safe direction. Recock and attempt to fire 
again. If repeated attempts to fire fail, wait 
one minute before opening the breech and re¬ 
moving the cartridge. Take a quick look at the 
primer to see if it has been struck by the firing 
pin; if so, deep six it. 

The firing pin of the line-throwing gun is a 
short, free-floating type. It is a good idea, 
before you shoot, to elevate the gun and jiggle 
it to bring the firing pin out toward the hammer 
as far as it will go. 

Note 2: When shooting the gun do NOT lay 
your thumb on top of the stock immediately 
behind the breech unlocking lever. Instead, lay 
it alongside the frame. The recoil of a line¬ 
throwing gun is such that, if you hold it in¬ 
correctly, the unlocking lever can pinch or even 
penetrate your hand. And there is the possibility 
that if your hand is placed so as to interfere 
with the unlocking lever's rearward movement, 


138 


Digitized by 


Google 




Chapter 4—SMALL ARMS AND MACHINEGUNS 


the lever may be cammed to one side, unlocking 
the breech. In this case, recoil may be accom¬ 
panied by a rapid unintentional disassembly 
of the gun. 

Maintenance 

Authorized disassembly of the line-throwing 
gun is limited to the following steps: 

1. Remove the foregrip by pulling it down 
firmly, to release the spring snap which secures 
the grip to the barrel. 

2. Remove the barrel by opening the breech 
and pushing back on the barrel, disengaging it 
from the frame. 


The gun is reassembled by following these 
steps in reverse order. 


When the gun is stored in the armory, it is 
kept lubricated with a light oil, as are all small 
arms. When it is to be fired, however, the bore 
must be completely cleaned and dried by running 
patches through it. Also, between consecutive 
firings a dry patch should be run through the 
bore to remove all powder residue from the 
previous shot. The line-throwing gun is known 
for its kick, and anything causing the projectile 
to bind in the bore adds dangerously to the gun's 
recoil. 
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Figure 4-59. —Caliber .45 submachineguns. 
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SUBMACHINEGUNS 

This type of weapon was designed to provide 
a large volume of fire against personnel at 
short range. Development work since 1942 has 
consisted largely of simplifying the mechanism, 
reducing the maintenance requirements, and per¬ 
fecting a new type of construction that is cheaper 
to manufacture. All of this was done, of course, 
without any adverse effect on the weapon's 
reliability. 

Because of the low power of the pistol type 
cartridge used, complicated operating mecha¬ 
nisms are not required. All submachineguns 
are now of the simple blowback (inertia) type. 

The submachineguns we will examine here 
are the .45 caliber Ml and M3A1, shown in 
figure 4-59. Designed as shoulder weapons, 
they can also be fired from the hip, if properly 
braced against it. The Ml (tommygun) has a 
maximum effective range of 150 yards, can be 
fired either in single or automatic fire, and 
has a rate of fire of 700 to 800 rounds per min¬ 
ute. The M3A1 has a slightly longer maximum 
effective range (200 yards), and is fired in 
automatic only, with a rate of fire about half 
that of the Ml. 


Operating The Ml 
Subm achinegun 

LOADING.— To load the Ml subm achinegun, 
first retract the bolt handle (fig. 4-60) to cock 
the weapon. Turn the safety (fig. 4-59) to SAFE. 
Push the loaded magazine up into the groove 
of the trigger frame until the magazine catch 
snaps into position. 

The weapon can be fired either in semiauto¬ 
matic or in automatic. 

SINGLE FIRE (SEMIAUTOMATIC). —Turn the 
rocker pivot aft to SINGLE and the safety to 
FIRE. Squeeze the trigger to fire each round, 
and release the trigger quickly. 

FULL AUTOMATIC FIRE. — Turn the rocker 
pivot forward to FULL AUTO and the safety to 
FIRE. Squeeze the trigger to fire a burst. 
The gun will continue to fire automatically as 
long as the trigger is held and there is ammu¬ 
nition in the magazine. 

UNLOADING. — When the magazine has been 
emptied, the bolt is automatically held in open 
position. To close the bolt on an empty cham¬ 
ber, rotate the magazine catch counterclock¬ 
wise to remove the magazine, then grasp the 
bolt handle in retracted position, and squeeze 
the trigger. Let the bolt go slowly forward on 
the empty chamber. 
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Figure 4-60. — Submachinegun Ml, disassembled. 
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Functioning Of Ml 
Subm achineguns 

Like the 20-mm A A gun, which is also 
blowback-operated, the Ml and M3 submachine- 
guns fire from an open bolt—that is, the trigger 
mechanism releases the bolt, which as it moves 
forward strips a round from the magazine, 
rams it into the chamber, and fires it. You 
can follow most of the details of the Ml sub- 
machinegun's functioning from the disassem¬ 
bled view of figure 4-60. For the sake of 
convenience, we can divide its functioning into 
two phases—backward movement of recoiling 
parts, and forward movement of those parts. 
The recoiling parts include the bolt and the 
parts attached to it, but not the barrel or any 
parts of the trigger mechanism. 

BACKWARD MOVEMENT. — As the cartridge 
fires, the pressure of the powder gases forces 
the bolt to the rear against the recoil spring. 
The extractor holds the empty case against the 
face of the bolt. After the bolt has traveled to 
the rear about 2 inches, the ejector throws the 
case through the ejector opening. The bolt still 
has about 1-3/4 inch to go aft before the back of 
the bolt contacts the buffer. During rearward 
movement, the bolt compresses the recoil spring 
and the buffer absorbs the remaining shock. On 
the bolt underside are two sear notches. If 
the bolt strikes the buffer, the rear sear notch 
will pass over the sear and the sear will engage 
the front notch. If the bolt fails to strike the 
buffer, the sear will engage the rear notch. 

FORWARD MOVEMENT. —When the trigger 
is squeezed, the sear releases the bolt, which 
is forced forward by the recoil spring. After 
moving about 1 inch, the front of the bolt con¬ 
tacts the topmost cartridge in the magazine and 
pushes it forward and along the bullet ramp in 
the receiver into the chamber. When the car¬ 
tridge is seated in the chamber, the extractor 
engages the rim of the cartridge. Just before 
the bolt reaches its forwardmost position, the 
lowest point of the hammer on the underside of 
the bolt strikes the receiver, much as in the 
20-mm AA gun, causing the hammer to pivot 
around the hammer pin and strike the head of 
the firing pin with its upper end. This fires 
the cartridge. 

Disassembly 

Usually, disassembly of the Ml submachine- 
gun need go no further than the steps outlined 
here. 


First, place the rocker pivot on FULL AU¬ 
TOMATIC and the safety on FIRE. Depress 
the frame latch and slide the frame group from 
the barrel and receiver group. 

Press inward on the buffer pilot and lift out 
the buffer. Let the buffer pilot out slowly. 
Remove the buffer pilot and recoil spring. 

Next, with the receiver upside down, slide 
the bolt aft and tip the rear end up until the bolt 
handle rests in the semicircular cut on the 
right hand side of the receiver. Press the bot¬ 
tom of the hammer rearward to disengage the 
bolt handle, and remove the handle. 

Remove the bolt by sliding it rearward and 
lifting it out of the receiver. 

Drifting the hammer pin out of the bolt will 
release the hammer, the firing pin, and the firing 
pin spring. 

To reassemble the weapon, proceed in the 
reverse order of disassembly. 

SUBMACHINEGUN 
CALIBER .45 M3A1 

Though crude in appearance, the M3A1 (fig. 
4-59B) is compact, rugged, low in cost, and 
simple to manufacture. The weapon is entirely 
metal, with a telescoping stock made of a sin¬ 
gle piece of steel rod. The stock serves double 
duty as it also is a cleaning rod. The weapon 
has no provision for semiautomatic fire, but 
the very low cycling rate permits a gunner to 
fire single shots after a little practice. 

An unusual feature of this gun is the hinged 
cover over the ejection port. This cover must 
be open to fire, since it acts as the safety. 
When the cover is down it locks the bolt in 
either its open or closed position. 

The M3A1 cannot be cocked unless the cover 
is open, because cocking is done by placing a 
finger in the cocking hole and drawing the bolt 
aft until it is caught by the sear. 

Operation 

The weapon is loaded by drawing the bolt 
back to the cocked position, closing the cover 
to lock the bolt, and then inserting the maga¬ 
zine. To fire, lift the cover to unlock the bolt, 
and squeeze the trigger. 

When the trigger is pulled, the sear is 
moved downward. This releases the bolt, which 
is driven forward by the two compressed driving 
springs. As the bolt goes forward it picks up 
a round from the magazine and pushes it into 
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the chamber. When the round is fully seated, its 
base sticks out slightly from the chamber. As 
the bolt continues forward, the round is com¬ 
pletely enclosed by the round recess of the bolt 
and the chamber, and the fixed firing pin strikes 
the primer. 

When the round is fired, the chamber pres¬ 
sure will reach its maximum almost immediately, 
but because of the inertia of the heavy bolt 
and the resistance of the driving springs, ex¬ 
traction will not be completed until the pres¬ 
sure has declined. The bolt moves to the rear, 
bringing the empty cartridge with it. As the 
empty cartridge strikes the ejector it is thrown 
through the open port in the top of the receiver. 

The bolt continues to the rear, compressing 
the driving springs. Then, if the sear is still 
held depressed, the bolt moves forward again 
to repeat the cycle. If the trigger has been re¬ 
leased, the sear will engage the bolt and hold it 
in a cocked position. 


Disassembly 

To disassemble the M3A1, first press the 
magazine catch (fig. 4-61), and slide out the 
magazine. Then squeeze the trigger and allow 
the bolt to go forward on an empty chamber. 

Press in on the stock catch and remove the 
stock by pulling it directly to the rear. 

To remove the trigger guard, place one side 
of the shoulder rest of the stock against the 
housing assembly and pry out the rear end of 
the trigger guard. Unhook the trigger guard by 
rotating it toward the front of the weapon. 

To remove the housing assembly, pull down 
on its after end slightly and pull it to the rear. 
Now the magazine catch and spring can be 
removed. 

Remove the barrel by lifting the ratchet, and 
unscrewing the barrel collar counterclockwise 
from the front. 


CAUTION: Because of its simplicity, the M3A1 
lacks several safety features of the other small 
arms. The weapon is safe only when the magazine 
is out and the bolt is forward. Do not load the 
weapon until ready to use it, and don't unlock it 
until it is raised to be fired. 


The bolt can now be taken out through the 
front of the receiver. Press out the sear pin 
and withdraw the trigger pin from the assem¬ 
bly. Take the trigger assembly out the opening 
in front of the sear. No further disassembly is 
permitted. 
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Figure 4-61. —Cutaway view of submachinegun. 
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Assembly 

To assemble the weapon, start by placing 
the trigger assembly in the receiver. Insert 
the trigger pin far enough to hold the assembly 
in place. Manipulate the sear into position by 
pressing the trigger while pushing upward on 
the sear. Insert the sear pin, then press both 
ends of the trigger pin home. Place the bolt 
group in the receiver with the retaining plate to 
the rear, and the grooved side of the bolt down. 
Replace the barrel, screwing the collar down 
(but not too tight). Replace the magazine catch. 
With the receiver upside down, insert the ejec¬ 
tor, and fit the forward end of the housing into 
its slot in the magazine guide. Drop the rear 
end of the housing, make sure it is properly 
seated. Put the forward end of the trigger 
guard into its slot in the housing. Press the 
rear end of the trigger guard until it snaps into 
its slot in the pistol grip. 


BROWNING MACHINEGUN, 

CALIBER .30, M1919A4 

Browning machineguns (abbreviated BMG) are 
standard Army weapons used by the Navy in 
aircraft, ashore, and afloat. The two calibers — 
.30 and .50 —have basically similar mechanisms. 

The caliber .30 BMG is issued to combat 
vessels and many auxiliaries as a landing-force 
weapon. Its general characteristics are listed 
below. In this section we'll take up its func¬ 
tioning, operation, and general (nonroutine) in¬ 
spection and maintenance. For further details, 
see Army FM 23-55 andTM-9-1005-212(Series). 

General Description 

The caliber .30 BMG is a recoil-operated, 
belt-fed, water- or air-cooled automatic weap¬ 
on, various models of which are designed for 
use in aircraft or on ground mounts. The type 
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Figure 4-62. — Browning machinegun, caliber .30, M1919A4, on M2 mount. 
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we shall take up is the M1919A4, illustrated in 
figure 4-62 on the M2 ground mount. This is an 
air-cooled weapon designed for use with fabric 
belts. It has a heavy barrel surrounded with a 
perforated steel jacket to improve cooling. It 
uses a leaf-type sight. 

General Characteristics Of 
The Caliber .30 BMG M1919A4 

Length overall (in.). 41.11 

Weight of gun (lb). 31 

Weight of tripod mount M2 (lb). 18.75 

Length of barrel (in.). 24 

Extreme usable range (yd). 2,000 

Rifling.1 turn (RH) in 10 in. 

Trigger pull (lb). 7tol2 

Rate of fire (rd/min). 400-550 

Construction and Functioning 
Of The Caliber .30 BMG 
M1919A4 

Figure 4-63 shows the BMG caliber .30 
M1919A4 in cross section, with recoiling parts 
fully forward (in battery). The main exterior 
structure of the weapon is the receiver, which 


more or less corresponds in function to the 
slide of a naval gun. The major recoiling parts 
inside it are the barrel, barrel extension, and 
bolt. 

The receiver is supported on pivots by the 
tripod mount M2, which provides a stable mount¬ 
ing for the gun, is quickly collapsible for transport, 
and provides for elevation and train of the gun 
by hand as required (fig. 4-62). At the after 
end of the receiver is the back-plate assembly 
(fig. 4-63), which has a pistol grip for the gunner 
and a buffer to take up the shock of recoil of 
the bolt. Inside the after end of the receiver is 
the lock frame, which houses the trigger, the 
accelerator (which you'll learn more about very 
shortly), and the barrel plunger spring and 
plunger (on which the barrel and barrel exten¬ 
sion slide in recoil-counterrecoil movement). 
The sights are on top of the receiver (fig. 4-62); 
there is also a cover, hinged at its forward end, 
in which are the parts of the belt feed mecha¬ 
nism—in particular, the belt feed lever —that 
are cammed by the groove in the top of the bolt 
(fig. 4-64). The fabric ammunition belt passes 
under the cover, through the top of the receiver, 
from left to right. 
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Figure 4-63.—Browning machinegun, caliber .30, M1919A4. Right side, sectional view. 
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Figure 4-64. —Browning machinegun, caliber .30, M1919A4. Bolt assembly. 


The barrel is secured to the front of the 
barrel extension, which incorporates a barrel 
locking spring to hold the barrel in place, and a 
breech locking device which locks the recoiling 
parts together at the beginning of the recoil 
movement. The bolt, shown in some detail in 
figure 4-64 incorporates the sear mechanism, 
cocking lever and associated parts, and firing 
pin and spring in its interior. On its face is 
the extractor (which incorporates also the ejector) 
and a T-slot. In its sides are the recesses in 
which the breech locking mechanism functions. 

Before we go through the functioning cycle 
of the BMG, notice how the moving parts move: 

1. The barrel and barrel extension move 
in recoil and counterrecoil. The total length of 
this movement is about 5/8 inch. For the first 
half of this movement in recoil these parts are 
locked to the bolt. 

2. The bolt also moves in recoil and counter¬ 
recoil, but after unlocking from the barrel and 
barrel extension it's kicked backward by the 
accelerator all the way against the buffer. 

3. As the bolt moves aft in recoil, the ex¬ 
tractor hauls a round out of the belt. As the 
bolt moves forward in counterrecoil, the ex¬ 
tractor is cammed down, pushing the next round 
‘d be chambered down into the T-slot in line 


with the chamber, then up again so that with 
the ejector it grips the next round in the belt. The 
sides of the T-slot engage the cartridge base 
from the time the extractor forces it down into 
line with the chamber during counterrecoil until, 
after firing, it's kicked out by the ejector during 
the next counterrecoil. 

4. The accelerator is pivoted on the lock 
frame. In recoil, its lower part is pushed back 
by the recoiling barrel extension; its upper end 
engages the bolt and kicks it back. In counter¬ 
recoil, the bolt turns the accelerator forward, 
unlocking the barrel extension so that it can 
counterrecoil too. 

5. The cocking lever, which is pivoted in 
the bolt, is cammed by part of the top of the 
receiver so that is upper end swings forward 
during recoil and backward during counterre¬ 
coil. The lever's lower end pushes the firing 
pin aft during recoil. 

6. The firing pin moves forward in the bolt 
to strike the cartridge primer when released 
by the sear, and is pushed backward in the 
bolt in cocking action during recoil. 

We've traced what each major moving part 
does in the functioning cycle of the BMG. Now 
let's follow the cycle step by step. Remember 
that this cycle is practically the same in the 
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Figure 4-65. — Browning machinegun, caliber .30, M1919A4. Functioning cycle. (NOTE: Some parts 

are omitted for the sake of clarity.) 
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caliber .30 BMG as its caliber .50 big brother; 
if you know one, you know the other. We as¬ 
sume the cycle starts with the gun fully loaded 
and cocked, and a loaded ammunition belt in the 
feedway. 

1. FIRING. (See fig. 4-65A.) The gunner pulls 
the trigger. Its forward end lowers as its rear is 
raised, camming the sear down to release the 
firing pin's shoulder from the sear notch. The 


firing pin spring drives the pin into the cartridge 
primer, igniting the propelling charge. 

2. FIRST STAGE OF RECOIL. The bolt, bar¬ 
rel, and barrel extension begin recoiling to¬ 
gether. After 5/16-inch movement, the pins on 
either side of the breechlock contact the cam¬ 
ming surfaces on the front of the lock frame, 
which pull the breechlock down into the barrel 
extension. This disengages the bolt from the 
barrel and barrel extension. 


CAMMING GROOVE 




84.267 

Figure 4-66. —Browning machinegun, caliber .30, M1919A4. A and B. Feeding action. C. Cocking 
action. (NOTE: Some parts are omitted for the sake of clarity.) 


147 


Digitized by v^,ooQle 
































































GUNNER’S MATE G 3 & 2 


Figure 4-65 shows the unlocking. Figure 
4-65C shows the camming action and the ac¬ 
tion of the accelerator at the same time. In its 
final 5/16 inch of recoil movement, the barrel 
extension pushes the accelerator aft. The ac¬ 
celerator's tips kick the bolt back and then (as 
shown in figure 4-65D) it engages the T-shaped 
lug of the barrel extension and locks it in recoil 
position. 

3. SECOND STAGE OF RECOIL. (See fig. 
4-65E). As the bolt continues to recoil, the 
extractor hauls the next round out of the belt 
and the T-slot in the bolt face hauls the empty 
case out of the chamber. The extractor cam in 
the cover pushes the extractor down as the bolt 
moves to the rear. At the end of recoil, the 
bolt hits the buffer, which brings it to a stop. 
During recoil also occur the following feeding 
and cocking operations: 

a. Feeding, (see fig. 4-66A and B.) Driven 
by the camming groove in the bolt, which engages 
its stud, the belt feed lever pushes the belt 
feed slide and pawl to the left (position 1). 
The belt-holding pawl keeps the belt from moving 
with them. 

b. Cocking. (See fig. 4-66C.) As the bolt 
moves from position 1 (in battery) to position 2 
(full recoil), the cocking lever is cammed as shown 
to retract the firing pin to a point where it can 
be engaged by the sear notch. 

4. COUNTERRECOIL. (See fig. 4-65F.) As 
the bolt is driven forward by its driving spring, 
a spring-loaded plunger in the extractor engages 
cams in the receiver which push the extractor 
first down, then up, as shown by the arrows. 
In the downward movement, the extractor pushes 
the new round into the T-slot on the bolt, and 
the ejector tip knocks the empty case out of the 
T-slot. In the upward movement the extractor 
and ejector are positioned to engage the next 
round in the belt. As the bolt nears the end 
of counterrecoil, it pushes the accelerator tips 
forward, causing the accelerator to unlock the 
barrel extension, which is then driven forward 
by the barrel plunger spring. Next, the breechlock 
cam (fig. 4-65B) pushes the breecklock up to en¬ 
gage the breechlock recess in the bolt, so that 
the barrel extension and bolt reach the end of 
counterrecoil movement locked together. The bolt 
rams the cartridge home. If the gunner is pul¬ 
ling the trigger, the sear releases the firing 
pin to fire the next round and repeat the cycle. 
If the trigger is released, the sear holds the 
firing pin and the cycle comes to an end with 
the recoiling parts in battery and the firing pin 
retracted. 


The feeding and cocking operations during 
counterrecoil are as follows: 

a. Feeding. (See dig. 4-66A and B.) As 
the bolt moves forward, the belt feed lever is 
cammed to push the belt feed slide and pawl 
to the right (position 2). The pawl moves the 
belt to the right and positions the next round 
where the extractor can engage it when the bolt 
has returned to battery. If because of malfunc¬ 
tion the extractor fails to engage and load the 
cartridge case, the mechanism will go through 
the motions in the next cycle, but the belt feed 
pawl will ride on top of the round that should 
have been loaded, without moving the belt. Thus 
this arrangement prevents double loading and 
consequent jamming. 

b. Cocking. (See fig. 4-66C.) In counter¬ 
recoil, the cocking lever starts in position 2 
and winds up in position 1, leaving the firing 
pin engaged by the sear, ready for the next 
cycle. 

The functioning cycle continues so long as 
the trigger is pulled and the ammunition belt 
continues to supply fresh cartridges. 

Operation Of The Caliber 
.30 BMG M1919A4 

The basic operations for this weapon are 
half loading, loading, unloading, and clearing. 

To HALF LOAD the BMG M1919A4, with 
cover either open or closed, insert the belt in¬ 
to the left side of the feedway, and pull it 
through until the first round is positioned to the 
right of the belt-holding pawl. Close the cover, 
if open. Pull the bolt by its handle fully to the 
rear, and release. This cocks the firing pin 
and shifts the first round to the centerline of 
the gun, so that the extractor grips it as the 
bolt slides into battery. 

But the round is not yet chambered, and the 
gun cannot be fired. The cartridge does not go 
into the chamber until the bolt has been oper¬ 
ated a SECOND time, for FULL LOAD. The 
caliber .30 M1919A4 BMG is unlike all other 
small-arms weapons we have so far studied in 
that after the ammunition-carrying device (in 
this case the belt) is loaded into the weapon, the 
bolt must be worked manually through TWO op¬ 
erating cycles before it can be fired. 

The HALF-LOAD position can therefore be 
considered as a safe-but-loaded condition for 
the caliber .30 BMG. Actually, the weapon has 
no real safety of the type we have so far found 


148 


Digitized by 


Google 



Chapter 4 —SMALL ARMS AND MACHINEGUNS 


on small-arms weapons and machineguns; it 
is ALWAYS ready to fire when a round is cham¬ 
bered. It is important to remember this when 
you're operating the gun; it must always be 
CLEARED if it is not to be fired. 

For FULL LOAD, then, you pull the bolt 
handle back twice after inserting the ammuni¬ 
tion belt. The gun can then be fired by pulling 
the trigger. 

To UNLOAD, raise the cover, lift out the 
belt, pull the bolt to the rear and hold it, and 
look or feel to make sure there is no ammuni¬ 
tion in the gun. Then lower the extractor, re¬ 
lease the bolt, position the belt feed lever stud 
over its groove in the bolt, and lower the cover. 
Last, pull the trigger to uncock the firing mech¬ 
anism. 

To CLEAR GUN, raise the cover, remove 
the belt, pull the bolt to the rear and secure it 
in its rearward position by engaging the ex¬ 
tractor cam plunger in the rear of the extractor 
feed cam, and inspect gun to see that no am¬ 
munition is in the chamber. 

Maintenance Inspection and 
Headspace Adjustment 

Complete inspection of the M1919A4 BMG 
requires, because of the complexity of the weapon, 
fairly detailed instructions which we haven't 
space to go into here. Unless your job requires 
that you become a BMG specialist, don't go 
any further than field-stripping the weapon and 
making the other inspections and adjustments 
covered in this section. For further information 
on inspection, adjustment, and repair of the 
weapon, see ARMY FM 23-55andTM-9-1005-212 
(Series). 

VISUAL INSPECTION. —Before going into de¬ 
tailed inspection, look for the weapon over gen¬ 
erally for damage and for missing parts. See 
that all rivets, screws, and so forth are in 
place and secure in the receiver group. Fur¬ 
ther details to look for are: 

1. Check general alignment of sights. 

2. Check the back plate to see that it fits 
snugly in the side plate grooves, and check the 
condition of the grooves. 

3. Lift the cover and retract the bolt handle. 
See if the firing pin protrudes properly (there 
is a gage for this but in this preliminary in¬ 
spection you needn't use it) and if the T-slot 
is smooth and free of brass and other residues. 
Look also to see if the recoil plate in the face 
of the bolt is free of corrosion and carbon. 


Functional Inspection 

1. Check headspace. No gage is used for 
this purpose. Retract the bolt about 1 inch, then 
ease it forward slowly. The moving parts should 
not bind, and they should yield a solid metallic 
sound when they go into full battery. 

The headspace adjustment is correct when, 
as the bolt closes: 

a. the breechlock rides smoothly up the 
breechlock cam into its fully locked position, 
in positive contact with the forward wall of the 
breechlock recess. 

b. the forward end of the bolt is positioned 
against the rear of the barrel. 

2. Pull the bolt back, but do not release. 
Allow the bolt to move slowly forward, and see 
if it binds at any point. If it moves freely, re¬ 
peat with a dummy cartridge. If it binds, de¬ 
termine the exact points at which it binds. 

3. Check trigger pull. It should be between 7 
and 12 pounds. 

4. Check the barrel and barrel extension to 
be sure they do not bind at any point. 

5. Operate the bolt with cover open and 
closed, and check feeding action. The feed mech¬ 
anism should move freely in its full travel in 
both directions. 

HEADSPACE ADJUSTM ENT. —The BMG 
1919A4 headspace adjustment (distance between 
the face of the bolt and the rear of the barrel) 



Figure 4-67. —Browning machinegun, caliber .30 
M1919A4. Adjusting headspace. 
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is made WITHOUT using a gage. Here is the 
procedure (fig. 4-67): 

1. Pull the bolt to the rear approximately 
3/4 inch, and disengage the barrel locking spring. 

2. Using the proper combination tool, or 
the nose of a cartridge, in the barrel notches, 
screw the barrel into the barrel extension until 
the recoiling parts will not go into battery 
under pressure of the driving spring when the 
bolt handle is released. 

3. Unscrew the barrel from the barrel ex¬ 
tension one notch at a time (checking after 
each notch) until the barrel and barrel exten¬ 


sion will just go fully forward into battery 
without being forced. (See item No. 1 under 
FUNCTIONAL INSPECTION above.) 

4. Unscrew the barrel one additional notch, 
and engage the barrel locking spring. 

5. After the correct headspace has been 
determined, mark the notch in the barrel in 
which the barrel locking spring is engaged. 
This will simplify making the headspace adjust¬ 
ment if the gun is disassembled and reassem¬ 
bled in the future. The adjustment is impor¬ 
tant. Tight (insufficient) headspace will cause 
poor timing of locking and unlocking and con¬ 
sequent damage to the barrel extension, bolt, or 
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Figure 4-68. — Browning machinegun, caliber .50 HB, M2. A. Exterior. B. Cutaway view. 
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breechlock. Excessive headspace leaves too much 
play between bolt and barrel, and may result in 
ruptured cartridge cases and possible injury to 
the gunner. 

BROWNING MACHINE GUN, 

CALIBER .50, M2 

The caliber .50 BMG now used by the Navy 
and the Army is the M2, which may be equipped 
with either of two different kinds of barrel —air 
cooled (for aircraft use), or heavy barrel (HB). 
Although it is not used as widely in the Navy 
as it once was, you may still come across the 
HB type on certain landing craft. (Caliber .50 
MG's are still important as aircraft armament, 
but you're not likely to have to deal with such 
installations. And we shall not take up here the 
air-cooled caliber .50 BMG.) 


The mechanisms of the weapon and the prin¬ 
ciples of operation are very much like those 
of the caliber .30 BMG that we studied earlier 
in this chapter. Rather than repeat the same 
material, we'll concentrate on the differences, 
without going into elaborate detail. If you need 
further details, see the Army's FM 23-65 and 
TM-9-1005-213 (Series). 

The main characteristics of the caliber .50 
BMG M2 are as follows; 


Weight of gun with barrel (lb). 84 

Length overall (in.).65-1/8 

Length of barrel only (in.). 45 

Rifling 

Uniform R.H. twist.1 turn in 15 in. 

Lands and grooves. 8 ea 

Rate of fire (cyclic, rd/min). 500 to 600 

Muzzle velocity (approximate, fps) . . . 2,900 

Range (approximate, yd). 7,400 
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Figure 4-69. —Browning machinegun, caliber .50 HB, M2. Back plate and controls. 
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Figure 4-70. —Browning machinegun, caliber .50 HB, M2. Feeding mechanism parts set up for 

left-hand and right-hand feeding. 


Construction Of The 
BMG Caliber .50 HB, M2 

Figure 4-68 shows the caliber .50 BMG ex¬ 
terior and in a cutaway view. The cutaway view 


shows (dotted lines) the bolt latch release, but 
omits the bolt latch mechanism in the receiver. 
The construction in general is much like that of 
the caliber .30 BMG. The breechlock camming 
arrangements are different, as are the trigger 
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linkage, location of the bolt handle, and other 
details, but the functioning is much the same. 
However, the ammunition feed mechanism can 
be arranged to feed from either side. 

Note the two buffers. The upper one takes 
the recoil shock of the bolt, and the lower (oil) 
buffer takes the recoil shock of the barrel and 
barrel extension. There is no lock frame in the 
caliber .50 BMG. 

Operating The BMG 
Caliber .50 HB, M2 

You load the belt, half load, load, clear, and 
unload the BMG caliber .50 much as you do the 
caliber .30. But there are some differences in 
the firing controls and how you use them, as 
can be seen in figure 4-69. 

To fire the loaded and cocked gun, you de¬ 
press the trigger. If the bolt latch is released, 
the gun will continue to fire automatically so 
long as the ammunition holds out and the trigger 
is down. 

The bolt latch in the receiver engages the bolt 
when it is in recoil position. Pressing the bolt 
latch release (fig. 4-69) causes the latch to re¬ 
lease the bolt, which then drives forward and 
chambers the next round. If you release the 
bolt latch release lever and depress the trigger, 
the gun will fire once, and stop with the bolt in 
recoil position again. For the gun to fire in full 
automatic you must hold down the bolt latch re¬ 
lease lever. It can be locked down by depressing 
it, then twisting the knurled sleeve on the buffer, 
until the lever stays down when released. 

NOTE: Caliber .50 BMG's other than HB do 
not have this bolt latch arrangement. 

Functioning Of The 
BMG Caliber .50 HB, M2 

You can follow most of the functioning cycle 
in figure 4-68B. Assume the chamber is loaded, 
the gun cocked, and the bolt latch released. The 
gunner depresses the trigger, thefiringpin strikes 
the primer, the propelling charge goes off, and 
the recoiling parts (same as in the caliber .30 
BMG) start rearward. After 1-1/8 inch of travel 
the breechlock is cammed down to release the bolt 
from the barrel extension, which strikes the 
accelerator, is brought to a stop by the oil 
buffer, and is locked in recoil position by the 
accelerator. 


(NOTE: In HB guns there is no oil in the 
buffer and some of the buffer parts are omitted. 
Air-cooled caliber .50 BMG’s use oil buffers 
with oil in them.) 

Meanwhile, the bolt, kicked all the way to 
the rear by the accelerator, rebounds against 
the upper buffer, and counterrecoils, unlocking 
the barrel extension from the receiver. When 
the breechlock reengages, the barrel extension 
locks to the bolt and both move forward together 
into battery. The cycle repeats when the firing 
pin sets off the next cartridge. 

The ammunition feeding, extraction, and 
ejection operations are much the same as in 
the caliber .30 BMG, though some of the mech¬ 
anisms are somewhat different. 

Ammunition Feed Arrangements 
Of The BMG Caliber .50 HB, M2 

The main difference in the ammunition feed 
mechanism of the caliber .50 BMG from that of 
the caliber .30 is that the caliber .50 can be 
set up for feeding from either direction. Figure 
4-70 shows both setups. Note that the caliber 
.50 BMG's bolt has in its top surface two 
camming grooves rather than one. In the place 
where they cross is a switch, something like a 
railroad switch, which must be set to select 
the proper camming groove for the direction of 
feed to be used. The other details of the mechan¬ 
ism setup for feeding in either direction are 
clearly shown in the figure. 



84.115 

Figure 4-71.—Browning machinegun, caliber .50 
HB, M2. Headspace gaging. 
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INSPECTION AND GAGING 
OF BMG CALIBER .50 HB, M2 

INSPECTION. Check the general appearance 
of the weapon. Pull the bolt to the rear, release, 
and check for smooth operation. Check the cover 
latch; be sure the spring has enough tension to 
keep the cover securely latched. Raise the cover 
and check the functioning of the cover detent 
pawl. Move the belt feed lever from side to 
side, and make sure the belt feed mechanism 
moves in its full travel in both directions. When 
you inspect the bolt, check the extractor and 
ejector, and look for corrosion. Check the back 
plate latch and lock. 

After gaging, test the action of the gun mech¬ 
anism by feeding several dummy cartridges 
assembled into a belt (with new belt links) 
through the gun, operating the gun mechanism 
by hand. 

GAGING. In the caliber .50 Browning ma- 
dhinegun, as in the caliber .30, headspace is 
measured from the face of the bolt to the base 
of the chambered cartridge. Bad headspace ad¬ 
justment in the BMG caliber .50 causes the same 
symptoms and malfunctions as in the caliber .30. 
But the procedure for gaging and adjustment of 


headspace is different in the bigger gun, chiefly 
in the use of a HEADSPACE AND TIMING GAGE 
(Army No. A196228). Headspace must be checked 
before firing, and adjusted, if necessary. Here 
is the procedure: 

1. Retract fully, then release the recoiling 
parts. This cocks the firing pin. 

2. Retract the bolt slightly (not more than 
1/16 in.) to relieve the thrust of the driving 
spring between the bolt and the after end of 
the barrel. The forward face of the breech 
lock and the bolt should be in close contact, 
as in firing. 

3. Pull up the extractor. Insert the gage in 
the T-slot between the face of the bolt and the 
after end of the barrel (fig. 4-71). If headspace 
is too tight, the gage won't go in. If headspace 
is correct or too great, the gage will slip in 
easily. 

4. If the gage doesn't go in on the first try, 
unscrew the barrel ONE notch, and try the gage 
again. Repeat, if necessary, until it does go in. 
The adjustment is then correct. 

5. If the gage doesn't go in the first time, 
screw the barrel IN one notch, and try again. 
If the gage no longer goes in, restore the first 



45.578 

Figure 4-72.— 7.62-mm machinegun M60. 
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position of the barrel; this is the proper ad¬ 
justment. If the gage still slips in, screw the 
barrel in another notch, and repeat. The proper 
adjustment is the one in which the barrel is 
screwed in as far as it can be without making 
the headspace too tight. 

THE MACHINEGUN, 

7.62-MM, M60 

The 7,62-mm machinegun M60 is shown in 
figure 4-72. Major groups and assemblies are 


shown in figure 4-73. The index to figure 4-73 
is as follows: 

Figure 4-72 shows the gun mounted on a bi¬ 
pod. It may also be mounted on tripod mount 
Ml 22 (fig. 4-74). The method of installing the 
gun on the tripod mount is shown in figure 4-75. 

Loading And Firing 

Ammunition for the M60 machinegun is fired 
from a metallic, split-link belt containing 100 



1. Barrel assembly with bipod assembly 

2. Trigger mechanism grip group 

A. Leaf spring 

B. Retaining pin 

C. Trigger mechanism grip assembly 

3. Shoulder gun stock 

4. Forearm assembly 

5. Cover assembly and cartridge tray assembly 

groups 

A. Hinge pin latch 

B. Hinge cover pin 

C. Spring 


D. Cover assembly 

E. Cartridge tray assembly 

6. Buffer assembly and operating rod assembly 

groups 

A. Retaining buffer yoke 

B. Buffer assembly 

C. Driving spring guide assembly 

D. Spring 

E. Operating rod assembly 

7. Breech bolt assembly 

8. Receiver group 


29.373 

Figure 4-73. — Major groups and assemblies of M60 machineguns. 
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29.374 

Figure 4-74. — Machinegun tripod mount Ml 22. 


rounds. At one end of the link belt there is a 
double link. It is this end, the one with the 
double link, that is started into the gun. 

Figure 4-76 shows the steps in loading and 
firing the M60 machinegun. 


CASUALTIES 
Runaway Gun 

A broken or worn sear may cause the casu¬ 
alty called "runaway gun," a situation in which 




29.375 

Figure 4-75. —Installing M60 machinegun on tripod mount. 
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29.376 

Figure 4-76. — Steps in loading and firing the M60 machinegun. 


the gun continues to fire after the trigger is 
released. When this casualty occurs, you hold 
the fire on the target until feeding stops or the 
ammunition is expended. You then notify main¬ 
tenance personnel at once. 

Ruptured Cartridge Case 

A cartridge case may rupture, so that the 
forward portion remains in the chamber and only 
the rear portion is extracted. When a rupture 
of this type occurs, a new round will be fed 
into the chamber, and the following may occur*. 

1. Incomplete chambering, because the live 
round cannot be seated fully. It may be com¬ 
pressed enough to cause detonation, with pos¬ 
sible damage to the gun, injury to personnel, or 
both. 

2. A round driven into the ruptured case 
without detonation. You remove this round by 
the following steps: (a) Retract bolt and move 
safety to S position, (b) Insert cleaning rod in 
muzzle end of barrel, set against nose of car¬ 
tridge, and tap rod gently to eject cartridge 
from chamber. 


To remove a ruptured cartridge case from 
the breech you use the ruptured cartridge case 
extractor shown in figure 4-77. You insert 
the ruptured cartridge case extractor through 
the case, insert the cleaning rod from the muz¬ 
zle end of the barrel, and drive out the case 
by tapping the rod lightly. 

Misfire, Hangfire, and Cook-Off 

A misfire is a complete failure to fire. A 
hangfire is a delay in functioning of a propel¬ 
ling charge —that is, a situation in which the 
primer in the cartridge case, after being struck 
by the firing pin, does not detonate the propel¬ 
ling charge immediately, but does detonate it 





o 
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Figure 4-77. — Ruptured cartridge case extractor. 
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after an interval. NOTE: A misfire must be 
treated as a hangfire until it is established that 
the round will not at some time detonate. 

A cook-off is the firing of a chambered round 
caused by the heat of the hot barrel. A cook¬ 
off may occur as long as 5 minutes after the 
round has been chambered. 

If a stoppage (failure of a round to fire, and 
consequent stoppage of feed) occurs, it may be 
either a misfire or a hangfire, and should be 
treated as a hangfire. Wait 5 seconds, and then 
pull the cocking handle all the way back, ensuring 
that it stays back. 

If this procedure ejects the chambered round, 
relay the gun on the target and attempt to fire. 
If the weapon does not fire, it must be cleared 
by qualified personnel and the ammunition in¬ 
spected to determine the cause of the stoppage. 

If pulling back the cocking handle fails to 
eject the chambered round, move the safety to 
S (safe) position, remove ammunition and links, 
and inspect the receiver, chamber, and ex¬ 
tractor. 

If there is a round in the chamber, move the 
safety to F (fire) position and attempt to fire. 
If the round fires and the case is ejected, re¬ 


load the gun, relay on the target, and continue 
firing. 

If the round in the chamber does not fire and 
the gun is hot enough to cause a cook-off (if 
200 rounds were fired within the previous two 
minutes, it may be hot enough), wait five min¬ 
utes with the bolt in forward position. Then 
remove the round, reload, relay on the target, 
and attempt to fire. Disregard the 5-minute 
wait if the gun is not hot enough to cause a 
cook-off. 

Double Feed 

"Double feed" is a situation in which alive 
round is fed into a chambered spent case or 
chambered live round. 

When the gun fails to extract a spent case, 
the bolt automatically recoils, picks up the next 
(live) round, and feeds it into the chambered 
case. The force may compress the live round 
enough to detonate it, with damage to the gun 
and injury to personnel. 

Double feed into a live round will not occur 
automatically, because when a round fails to 
fire, the bolt does not recoil, but remains in 



OPEN CLOSE BIPOD ASSEMBLY LEGS. 



CHARGE/FIRE MACHINE GUN. 



PLACE SAFETY IN "SV"F" POSITION. 
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Figure 4-78. —Field stripping the M60 machinegun. 
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forward, closed position. The correct proce¬ 
dure here is to proceed as described for a hang- 
fire. If, instead of doing this, you charge the 
gun manually and pull the trigger, the next round 
will be fed into the primer in the base of the 
chambered live round, causing one or both 
rounds to detonate, with damage to the gun and 
injury to personnel. 

WARNING: If there is belted ammunition on 
the feed tray and a live round in the chamber, 
NEVER retract the bolt and allow it to go for¬ 
ward. 

FIELD STRIPPING 

The steps in field stripping the M60 machine 
gun are shown in figures 4-78 through 4-84. 
White arrows shown on illustrations indicate 
disassembly, black arrows indicate assembly. 


THE 40-MM GRENADE 
LAUNCHER M79 

The grenade launcher M79 (figs. 4-85 and 
4-86) is a single-shot, break-open fire weapon. 
It is breech loading and chambered for a 40-mm 
metallic cartridge case with internal primer. 
Cartridges used with the grenade launcher M79 
are shown in figure 4-87. 

CONTROLS OF THE M79 
GRENADE LAUNCHER 

The safety (fig. 4-88) is shown in SAFE 
position when pulled all the way back, in fir¬ 
ing position when pushed all the way forward. 

The barrel locking latch (fig. 4-88), when 
pushed all the way to the right, permits the 
breech end of the barrel to be swung up into 
open position. The grenade launcher cocks as it 
opens. 

The rear sight assembly is shown in figure 
4-89. 

In figure 4-88 the trigger guard is shown 
in lowered position. It can be released for 
setting to one side or the other by pushing back 
the cylindrical housing at the front, the purpose 
of this being to make is possible for a man 
wearing heavy gloves or mittens to fire the 
grenade launcher. 


OPERATING THE M79 
GRENADE LAUNCHER 

Preparation For Firing 

Check the bore to be sure that is free of 
foreign matter or obstructions. Check all am¬ 
munition to be sure proper type and grade is 
being used. Check the launcher to be sure that 
it is properly cleaned. Inspect for malfunction 
and other defects. 

Loading 

Point muzzle of launcher at the ground and 
clear the area of all personnel. 

Move barrel locking latch all the way to the 
right and break open the breech. If safety is not 
already on SAFE, this procedure will cause it to 
move to SAFE, provided that you move the barrel 
locking latch its FULL LIMIT OF TRAVEL. 

Insert the projectile portion of the ammuni¬ 
tion into the chamber opening (fig. 4-90) and 
push the complete round forward into the cham¬ 
ber until the extractor contacts the rim of the 
cartridge case. 

Close the breech. 

Firing 

The launcher is fired from either standing 
or prone position. In the standing position the 
butt is placed against the shoulder (fig. 4-91). 
In the prone position the butt is placed against 
the ground (fig. 4-92). 

A detailed discussion of sight-setting is be 
yond the scope of this course. However, to 
engage targets at ranges from 50 to 80 meters 
(165-265 feet) the rear sight frame assembly 
is placed in the lowered (called the ’’battle 
sight”) position (fig. 4-91). Longer ranges are 
fired with the rear sight frame in upright po¬ 
sition (fig. 4-92), and the sight aperture bar 
set at the approximate target range of the scale. 

When firing grenades at targets within bat¬ 
tle sight ranges (60-80 meters or 166-266 feet) 
the operator must be in a protected position. 
Targets which are within 80 meters (265 feet) 
of friendly troops must not be fired upon. 

FIELD STRIPPING THE 
GRENADE LAUNCHER M79 

Field stripping the grenade launcher M79 
consists of separating the ’’fore end assembly” 
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BARREL LOCK LEVER- 


REMOVE 


INSTALL 


OPEN/CLOSE BARREL LOCK LEVER. REMOVE/INSTALL BARREL ASSEMBLY WITH BIPOD ASSEMBLY 


1 - EXTENSION 

2 - WASHER 

3 - PISTON 


COMBINATION 
SCREWDRIVER 
AND REAMER 
WRENCH 


GAS CYLINDER 
EXTENSION 


KEY 

WASHER 


GAS CYLINDER 


NOTE POSITION 
OF GAS PISTON 
FOR ASSEMBLY 


REMOVE 


REMOVE/INSTALL GAS CYLINDER EXTENSION AND 
KEY WASHER. 


REMOVE/INSTALL GAS PISTON. 


Figure 4-79. — Field stripping the M60 machinegun—Continued. 



REMOVE/INSTALL LEAF SPRING, RETAINING PIN AND 
TRIGGER MECHANISM GRIP ASSEMBLY. 



1 - PIN 

2 - TRIGGER 



m3 - 

REMOVE/INSTALL PIN AND TRIGGER ASSEMBLY. 


Figure 4-80. — Field stripping the M60 machinegun — Continued. 
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REMOVE 


SHOULDER 

REST 


OPEN 


DEPRESS 


INSERT DUMMY CARTRIDGE AND 
DEPRESS LATCH IN STOCK 



REMOVE 


REMOVE .'INSTALL FOREARM ASSEMBLY. 


DEPRESS 


INSERT DUMMY CARTRIDGE AND 
DEPRESS LATCH IN FOREARM 



OPEN CLOSE COVER ASSEMBLY. 



REMOVE INSTALL HINGE PIN LATCH AND HINGE 
COVER PIN. 


Figure 4-81. —Field stripping the M60 machinegun—Continued. 



COVERI 

mounting! 

LUGSl 


' -i'-'" __ < 'VO HOLE IN ' 

V. 

AT ASSEMBLY, TRAY WILL BE PLACED AGAINST LEFT -*** 
SIDE OF COVER MOUNTING LUGS. PROTRUDING END 
OF SPRING PLACED IN HOLE OF RECEIVER 


END OF 
SPRING 


CARTRIDGE FEED 
TRAY ASSEMBLY 


REMOVE/INSTALL COVER AND TRAY ASSEMBLY. 



REMOVE/INSTALL RETAINING BUFFER YOKE. 




1 - YOKE 

2 - BUFFER ASSEMBLY 

3 - GUIDE ASSEMBLY 
4- SPRING 


REMOVE/INSTALL BUFFER ASSEMBLY, DRIVING SPRING GUIDE ASSEMBLY AND SPRING. 


Figure 4-82. — Field stripping the M60 machinegun—Continued. 
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MAKE CERTAIN THAT THE BOLT PROTRUDES 
ONLY HALF WAY FROM RECEIVER. INSERT 
YOKE BETWEEN SPOOL AND FRONT PORTION 
OF BOLT; GRASP BOLT AND ROD WITH HAND; 
WITHDRAW. 


YOKE 


REMOVE/INSTALL OPERATING ROD ASSEMBLY AND 
BOLT ASSEMBLY. RETRACT COCKING HANDLE 
SLIDE ASSEMBLY. 



REMOVE/INSTALL BOLT ASSEMBLY. 


Figure 4-83. —Field stripping the M60 machinegun — Continued. 
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DISASSEMBLE/ASSEMBLE BOLT ASSEMBLY 


1 - PLUG AND PIN ASSEMBLY 
A - PIN 

B - PLUG 

2 - ACTUATOR 

3 - SPRING 

4 - BEARING 

5 - FIRING PIN 

6 - BOLT 


Figure 4-84. — Field stripping the M60 machinegun —Continued. 
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Figure 4-85. —Grenade launcher M79-right rear view. 


from the "barrel and receiver group," separat¬ 
ing the barrel group from the receiver group, 
and separating the stock from the receiver 
group. 

To remove the fore end assembly, first use 
the wrench assembly shown in figure 4-93 to 
remove the machine screw shown in the same 
figure. Then pull front end of fore end as¬ 
sembly away from barrel, as shown in figure 
4-94, until lug on the rear sight base is clear 
of hole in upper surface of fore end bracket. 
Keeping lug clear of hole, pull forward on fore 
end assembly until it is free of receiver as¬ 
sembly. 

To remove the barrel group from the re¬ 
ceiver group, first open barrel locking latch 


and open breech. Then, holding stock and re¬ 
ceiver stationary, move the barrel rearward in 
the receiver until it is disengaged from ful¬ 
crum pin as shown in figure 4-95. Separate 
barrel from receiver group. 

To separate the stock from the receiver 
group, use combination wrench assembly as 
shown in figure 4-96 to remove pan-headed ma¬ 
chine screw which secures stock to receiver 
group. Separate stock from receiver group. 


SAFETY PRECAUTIONS 

Small-arms safety precautions, like all safe¬ 
ty precautions, are largely a matter of common 
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Figure 4-86. — Grenade launcher M79-left front view. 
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YELLOW 
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Figure 4-87. — Cartridges used with grenade 
launcher M79. 


sense. Every gun should be considered loaded 
until proven otherwise by examination; never 
trust your memory or anyone else's memory in 
this respect. TO THINK a gun is unloaded can 
be fatal. Be positive. 

NEVER point a firearm at anyone or anything 
you do not intend to shoot, or in any direction 
where accidental discharge might do harm. When 
checking operation or releasing spring tension, 
point the weapon upwards or in some safe 
direction before pressing the trigger. Never 
place the finger inside the trigger guard unless 
ready to fire. 

Do not work on a weapon you do not thoroughly 
understand. Ask a senior ordnanceman or other 
qualified personnel to instruct you if possible; 
otherwise refer to the proper technical publi¬ 
cation. Never use force in disassembling and 
assembling small arms. They are all so con¬ 
structed that undue force is unnecessary if 
parts are properly assembled or removed. 

Safety features should be frequently tested 
for proper functioning. For obvious reasons, an 
inoperative safety device is more dangerous 
than no safety device at all. 

In weapons with detachable magazines, 
always remove the magazine as the first step 
in unloading or clearing a stoppage. It should 


be noted that in ALL magazine-fed weapons the 
shape, position, and condition of the magazine 
lips are extremely critical, and if dented will 
interfere with proper feeding of the cartridge 
into the chamber. The majority of stoppages in 
magazine-fed weapons is due to faulty magazines 
and consequently care must be taken when handling 
them not to cause damage. 

Before loading ammunition into the weapon, 
check for dirt, oil, grease, malformation, loose 
bullets, or other defects. 

Check the bore prior to firing to be sure it 
is free of foreign matter or obstructions. If 
during firing there is any indication of misfire 
or weak charge, make sure the bullet is not 
lodged in the bore. An obstructed bore will cause 
a serious accident when the next round is fired. 

To minimize danger from hangfire, wait 10 
seconds after a misfire, then clear the weapon 
quickly. If the weapon cannot be cleared quickly 
and the barrel is hot, DANGER OF COOKOFF 
EXISTS. Leave the round in the chamber, point 
the weapon in a safe direction, and allow it to 
cool before removing the misfired round. 

SPECIAL PRECAUTIONS FOR 
PISTOLS AND REVOLVERS 

Automatic pistols in the hands of inexper¬ 
ienced or careless persons are largely re¬ 
sponsible for the saying “It's always the unloaded 
gun that kills.” It is a fact that many accidental 
deaths and injuries are due to a mistaken belief 
that removing the magazine of a pistol (or other 
magazine-fed weapon) is all that is necessary to 
unload it. Nothing could be further from the truth. 
To completely unload a pistol or other magazine- 
fed weapon and render it safe to handle, it is 
necessary to not only remove or empty the 
magazine, but also to MAKE ABSOLUTELY CER¬ 
TAIN THE CHAMBER IS EMPTY. The only way 
this can be done, when handling the caliber .45 
pistol, is to pull back the slide and inspect the 
chamber either visually or by feel if it is 
dark. This should be done AFTER the magazine 
is removed, and with the muzzle pointed upward. 
Of course, if the chamber is loaded, the round 
will be extracted and ejected when the slide 
is operated. "I didn't know it was loaded” is 
never an excuse for the accidental discharge 
of a weapon — especially for the ordnanceman. 

When handling revolvers, a simple visual 
inspection is sufficient to determine if any 
chambers in the cylinder are loaded. 

Keep hammer fully down when pistol or 
revolver is not loaded. 
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SAFETY 


TRIGGER 


TRIGGER GUARD 
ASSEMBLY 


BARREL LOCKING 
LATCH 






Figure 4-88. — Grenade launcher controls. 
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ELEVATION 

SCALE 


BATTLE 

SIGHT 

NOTCH 


[WINDAGE 

SCALE 


REAR SIGHT 

APERTURE 

(ADJUSTABLE) 


WINDAGE SCREW 


RAISED POSITION 


IELEVATING SCREW 
WHEEL 


LOWERED POSITION 


RETAINER 
LOCK NUT 


REAR SIGHT LOCK 


Figure 4-89. — Rear sight assembly. 
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Figure 4-90. —Loading the grenade launcher M79. 


When the pistol is cocked, keep the safety 
lock in the ON position until ready to fire. 

Let's review briefly some of the safety pre¬ 
cautions that apply to the handling of ALL 
small arms: 

1. Never point a weapon at anyone unless you 
intend to kill him. 




29.367 

Figure 4-91. — Firing grenade launcher in 
standing position. 


29.368 

Figure 4-92. —Firing grenade launcher in prone 
position. 
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end assembly to Barrel. 


2. Unless the weapon is to be used immediate¬ 
ly, never carry it with a round in the chamber. 

3. Unless you are about to fire it, the safety 
of very small-arms weapon must always be ON. 

4. Consider a gun loaded until you yourself 
have opened the chamber and verified that it is 
empty. It isn’t enough to wail, afterward, “I 
didn't know it was loaded.” The ”empty"weapon 
is the dangerous one. 

5. Before firing any weapon, be sure that 
there are no obstructions in the bore. 

6. Before firing any weapon, be sure the 
ammunition you are using is the right ammunition. 
For example, the caliber .30 carbine cannot use 
standard rifle ammunition. Nor should you try to 
use Very signals with shotguns, even though they 
look much like shotgun shells. 

7. Before firing, be sure there is no grease 
or oil on the ammunition or in the bore or cham¬ 
ber. Although lead bullets may be lightly waxed 
or greased, there must NEVER be any lubricant 
on the cartridge case. (This does not apply 
to aviation ammunition.) Lubricant on the case 
or chamber is particularly bad because, upon 
firing, the case slips backward, causing a dan¬ 
gerously heavy thrust against the bolt. 

8. Keep ammunition dry and cool. Keep it out 
of the direct rays of the sun. Keep ammunition 
clean, but do NOT polish it or use abrasives 
on it. Do not attempt to use dented cartridges, 
cartridges with loose bullets, or cartridges eaten 



Figure 4-94. —Removing fore end assembly. 
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Figure 4-95. —Removing barrel group. 



29.372 

Figure 4-96. —Removing screw attaching 
receiver group to stock assembly. 


away by corrosion. Be particularly careful with 
tracer ammunition, which can ignite spontan¬ 
eously if damp. 

9. Misfires and hangfires can occur with 
small-arms ammunition as well as with other 
types. On some weapons like the automatic 
pistol, the line-throwing gun, the Springfield 
rifle, the hammer-type shotgun, and afew others, 
you can recock and attempt to fire again without 
opening the breech. If after a couple of tries 
this proves unsuccessful, or if the weapon cannot 
be recocked without opening the bolt, wait at least 
10 seconds, then open the bolt and eject the 
defective round. Defective small-arms ammuni¬ 
tion should be disposed of in accordance with 
current regulations. It is prohibited to force 
out a bullet by firing another bullet. 

A misfire with blank cartridges may leave 
unburned powder deposited in the bore; always 
check the bore after any misfire and clean if 
necessary. 

10. Guard against BLOWBACK. In this con¬ 
nection, blowback refers to leakage of high- 
pressur gases to the rear around the closed 
bolt. It can be caused either by excessive wear 
of the bolt or chamber, by obstructions that 
foul the bore, or by both. Blowback can be 
avoided by gaging and checking your weapons 
regularly and replacing worn parts as indicated, 
and by checking (see No. 5 above) to be sure that 
there are no obstructions in the bore. 
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CHAPTER 5 


THE LANDING PARTY 


As a Third Class Gunner’s Mate, you must 
know how to issue, assemble, and demonstrate 
the use of landing party (infantry) equipment. 
To help you learn this, the Navy has issued a 
publication called the Landing Party Manual, 
OPNAV P34-03. It covers nearly all aspects of 
the naval landing party. It is interesting read¬ 
ing, and is recommended for all Gunner's Mates. 

In scope, this chapter falls somewhere be¬ 
tween the simple requirements of the Third 
Class GM and the complete coverage of the 
Landing Party Manual. Here we will discuss 
the following: 

The EQUIPMENT—what it is, how to make 
it up, and how to wear it. 

LANDING PARTY ASSIGNMENTS-what you 
might expect to be doing if you are assigned to 
a landing party. 

LIVING ASHORE — some factors to be con¬ 
sidered when your living spaces and galley 
are miles away. 

MARCHES —not just getting someplace, but 
getting there on time and in good condition. 

Let’s start the chapter by finding out what a 
landing party is. 


THE SHIP'S LANDING PARTY 

To most sailors, the term landing party 
might bring to mind one of two things. First, 
a peaceful, if dull, march down main street in 
a parade or, second, mortal hand-to-hand combat 
with enemy troops ashore. While both situations 
are true functions of the landing party, they 
represent the extremes. The landing party may 
also be called away to help after a national dis¬ 
aster, to quell riots and other serious disorders, 
and to perform police functions such as the im¬ 
position of martial law. 


ORGANIZATION OF THE 
LANDING PARTY 

The size of a landing party varies, depending 
on the type of ship that lands it. A destroyer 
is required to maintain a 13-man rifle squad. A 
cruiser will furnish a rifle company of about 
200 men. The common denominator of all landing 
parties, regardless of size, is the rifle squad, 
and our discussion here is based on this squad. 

Figure 5-1 A shows an organization chart of 
a rifle squad. It is made up of the squad leader 
and three fire teams. Each of the fire teams 
consists of 3 riflemen and the individual fire 
team leader; thus there is a total number of 13 
men in the squad. As a Gunner's Mate you will 
be a logical choice to lead either a fire team or 
the entire squad. 

Figure 5-1 B shows the result of combining 
the landing parties of three destroyers. This 
is the rifle platoon. Notice that with the excep¬ 
tion of the six people at the platoon headquar¬ 
ters the major unit of the platoon is the rifle 
squad. 

You will find that the larger size landing 
parties employ some machine guns as well as 
rifles. A machine gun can deliver a heavy 
concentration of fire, but its crew is capable of 
little independent action. Machine guns are used 
only as supporting weapons. 

LANDING PARTY 
EQUIPMENT 

The type and amount of equipment carried 
ashore by the men of the landing party depends 
upon the nature of the operation. We can skip 
operations such as the parade mentioned ear¬ 
lier, where your only equipment will be a smart 
looking dress uniform. The equipment we will 
discuss is that taken ashore and used in emer¬ 
gency field operations. 

Figure 5-2 shows what is known as the 
basic individual combat equipment. This is the 
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A ORGANIZATION, THE RIFLE SQUAD 


The knapsack (fig. 5-4B) is used to carry 
extra clothing when you do not have your sea- 
bag with you or it is not easily accessible. The 
following articles are usually carried in the 
knapsack. 

Pair of shoes 2 shirts 
Pair of trousers 2 pairs of socks 
2 sets of underwear 



B ORGANIZATION, THE RIFLE PLATOON 
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Figure 5-1. — Organization chart of a ship's 
landing party. 


The belt and suspenders are shown in figure 
5-4C. As you would imagine, the belt can be¬ 
come pretty heavy when it is loaded down with 
ammunition, cantenns, and sometimes the bay¬ 
onet and knapsack. This makes the suspenders 
a necessary part of this arrangement. 

The blanket roll (fig. 5-4D) can be made up 
as either a short or long roll. The short roll 
is as wide as the length of an extended tent pole. 
The long blanket roll is the width of the blanket. 
To assemble either, lay the gear out as in the 
illustration, roll it up from the bottom, and 
secure with the straps. 


minimum equipment, other than weapons, to be 
carried by each member of the squad. A man's 
position in the squad — fire team leader, rifle¬ 
man, etc. — will determine what supplementary 
equipment he will be issued. For example, the 
supplementary equipment carried by a rifle 
squad leader is shown in figure 5-3. 

A complete list of basic and supplementary 
infantry equipment can be found in the Landing 
Party Manual. The manual also lists all mem¬ 
bers of a landing party, and shows the equip¬ 
ment each will be issued. 


How to Assemble and 
Carry Equipment 

A pack, Marine Corps M1941, is carried by 
each member of the landing party. It is made 
up of a haversack, a knapsack, belt and sus¬ 
penders, blanket roll, bayonet, and scabbard. 


The haversack (fig. 5-4A) is carried when 
you expect to enter a combat zone. In it you 
carry your personal articles: 


Poncho 

Eating utensils 
1 Pair of socks 
1 Set of under¬ 
wear 


Towel 

Toilet articles 
Extra pair of shoe 
laces 

1 day's rations 


Pack Assemblies 

Several types of packs can be made from the 
Marine Corps pack M1941. They fall into two 
categories — the marching packs and transport 
packs. 

The light marching pack (fig. 5-5A) is made 
up of the haversack, supported by its own sus¬ 
pender straps. To assemble it, you need only 
to bring the free ends of the haversack suspender 
straps through the pack strap loops and back 
up to the "M" buckle. The pack can be adjusted 
to fit at the "M" buckle. 

The marching pack (fig. 5-5B) requires the 
use of the belt and belt suspenders. In figure 
5-6 you can see how it is assembled. The 
haversack suspender straps are passed down 
through the belt suspender rings, then doubled 
back on themselves. They are brought back up 
and passed through the keepers on the broad 
part of the suspenders. The belt suspender 
pack straps go back under the haversack through 
the pack strap loops, and then cross in the back 
of the haversack. (Note that the belt suspend¬ 
ers do NOT pass over the shoulders. They 
pass under the haversack and help support it.) 
The belt suspenders then snap into the haver¬ 
sack "M" buckles. 

When the short blanket roll is bent around 
the haversack and secured to it with the blanket 
roll straps, the assembly is called the field 
marching pack (fig. 5-5C). 
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Figure 5-2. —Basic individual combat equipment. 
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Figure 5-3.— Supplementary equipment of a rifle squad leader. 


The transport pack (fig. 5-5D) consists of 
all the items mentioned so far, plus the knap¬ 
sack. It is used for field exercises when slow 
movement due to the extra weight is no prob¬ 
lem. It is made up similarly to the marching 
pack. The knapsack coupling strap is passed 
through the two haversack couplings, drawn up 
snugly, and buckled. Then the belt suspender 
pack straps pass under the knapsack (through 
loops) and cross in the back as before. They 
are then snapped to the haversack "M" buckle. 


When the long blanket roll is added to the 
transport pack, the assembly is called the field 
transport pack (fig. 5-5E). 

Other Individual Items 
of Equipment 

The helmet, with its liner, is always worn 
in combat. On special occasions (police and 
guard duties, or parades and ceremonies), the 
liner along may be worn if prescribed by the 
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Figure 5-4.—The Marine Corps pack-A. Haversack. B. Knapsack. C. Belt and suspenders. D. Blanket 

roll. 

173 


Digitized by 


Google 














































GUNNER'S MATE G 3 & 2 



84.273 

Figure 5-5. —Pack assemblies-A. Light marching pack. B. Marching pack. C. Field marching pack. 

D. Transport pack. E. Field transport pack. 


officer in charge of the landing party. This 
helmet is exactly like the one used aboard ship, 
and the same regulations apply to wearing it. 
The following items are carried on the belt: 

Bayonet — left hip 
Canteen —left buttock 
Pistol —right hip 
Wire cutters — right front 
BAR spares —front of right hip 

The entrenching tool is carried by an attach¬ 
ment on the haversack. If no entrenching tool 


is issued, the machete and sheath can be car¬ 
ried in its place. If either the field glasses, 
gun mask, or map case is carried, it can be 
slung from the shoulder. 

SHELTER 

Depending upon the tactical situation, the 
landing party may be sheltered in bivouac, 
camps, or billets. Troops are in bivouac when 
provided with shelter tents or other hastily 
improvised shelter. Troops are in camp when 
sheltered by tentage other than shelter tents. 
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Figure 5-6.—Assembling the marching pack. 


or by huts or other temporary structures es¬ 
pecially constructed for military purposes. Bil¬ 
lets are private or public buildings not es¬ 
pecially designed for military purposes. 

Billets (and most likely camps) will be chosen 
and prepared in advance of the landing party 
arrival. The choice of the bivouac site, however, 
could be the responsibility of the landing party 
officer. For this reason we discuss some factors 
of choosing a site and living in bivouac. 

Choice of Site 

Of primary concern in the choice of site are 
the tactical requirements. This means that there 
must be enough room for the troops to be dis¬ 
persed properly. The choice should provide 
concealment from air observation, and pro¬ 
tection from air attack. 

If these requirements can be met, then other 
desirable features for sanitation of the area 
and comfort of the troops should be considered. 
Water is an important item. There should be 
an ample supply to handle drinking and washing 
needs. The site should be slightly sloping to 
allow water to drain off. Stay near good roads; 
if nothing else, this eases the supply to your 
galley. 

Bivouacs should not be set up near native 
villages, marshes, or swamps. And stay away 
from any site which has been occupied by other 
units within the preceding 2 months. 


After the site is selected, it may be necessary 
to establish outposts, guards, and patrols. (See 
chapter 8 of the Landing Party Manual.) Work 
details are then assigned to arrane for waste 
disposal, and to set up the galley, the head¬ 
quarters, etc. It is preferred that these assign¬ 
ments be made prior to the arrival on site. 
This will prevent delay and confusion. 

All men not assigned to other details should 
be put to work pitching tents. 

Pitching the Tent 

Normally, each individual in the landing party 
carries half of a shelter tent, with the required 
number of pins and poles (one guy line, five 
tent pins, and one tent pole). Two men carry 
and occupy one complete tent (fig. 5-7). 

When properly instructed, two men should 
be able to erect a shelter tent (also called a 
“pup” tent) in five minutes. Here is the basic 
method; 

Pairs of men pitch tents together. Each man 
spreads his shelter half. The shelter halves 
are then buttoned together. One man slips the 
pole into the eyelets in the front of the tent and 
holds the pole upright. 

The other man pins down the front corners 
of the tent in line with the pole, then pins down 
the front triangle of the tent, and drives the 
guy pin two-and-a-half pin lengths in front of 
the front triangle. He places the loop of the 
guy over this pin, runs the other end of the line 
through the loops of the shelter halves, and ties 
it, making sure that the pole is vertical when 
the line is taut. He then adjusts the rear tent 
pole through the eyelets in the rear of the tent. 
The first man pins down the rear corners of the 
tent, drives in the rear guy pin so that it is 
two-and-a-half tent pin lengths from the rear 
pin of the triangle, then adjusts the guy line. 
Then they pin down the sides. 

The tent should be trenched immediately 
after it is erected. This should be done even if 
the bivouac is for one night. 

Remember that this is only a basic method. 
The Landing Party Manual describes a drill 
method that is performed “by the numbers,” 
but is similar to the one above. 

To strike pup tents, first unbutton enough 
buttons so that each man can grasp a tent pole 
and pull it to the left or right. When the tent is 
flat on the ground, pull the pins, finish unbut¬ 
toning the halves, and roll the packs. 
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Figure 5-7. — Erecting a shelter tent. 


Hygiene and Sanitation 

Field sanitation is a term applied to the 
sanitary practices and principles which must be 
observed in order to maintain the health of the 
group when permanent type facilities are not 
available. In general they are the same com¬ 
mon sense rules which apply to shipboard living. 
In the field, however, they take on added import¬ 
ance. Improvision is a necessity, and it con¬ 
forms to the correct principles it should be 
encouraged. Basically, sanitation is concerned 
with food and water, and with waste disposal. 

Food should be obtained through your supply 
system. Emphasis must be placed on the proper 
preparation and handling of foods and the sani¬ 
tizing of mess gear. A model field dishwashing 
unit can be set up by using a line of four GI 
cans. The first can in line is for garbage and 
waste; the second is a pre-wash can and has 
the soap in it; the third contains the hot water 
for quick and adequate washing of the mess 
gear; and the final can contains actively boiling 
water for rinsing. 

All water in the field should be regarded as 
unsafe for drinking until a medical officer of 
his representative has approved it. If it ever 
becomes necessary to use water from an un¬ 


approved source, it must be chemically treated 
or boiled. Boiling in this case means boiling 
for 20 minutes, not just heating it up. 

Water can be chemically treated by using the 
Lyster bag and kit, or by water purification 
tablets. Both are issued with instructions for 
their use. Chemically treated water may not 
taste so good, but it is safe. 

Waste disposal is important. Proper dis¬ 
posal is necessary to eliminate places where 
rodents and insects can live and breed. Human 
waste especially must be correctly disposed of. 
A careless unit may so contaminate a site that 
it will be unfit for further use for months. 

Kitchen waste and human waste are de¬ 
posited in trenches which are dug according to 
the instructions in chapter 7 of the Landing 
Party Manual. 

Personal hygiene deals with the efforts you 
must put forth to keep in good physical, mental, 
and moral health, and to protect yourself from 
disease. Adherence to the rules of field sani¬ 
tation is a matter of hygiene. These are rules 
to obey in the field: 

1. In the case of a suspected illness or 
disease, see the corpsman. It has been said, 
“A person who treats himself has a fool for a 
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patient.” By postponing proper treatment, you 
may not only harm yourself but be a source of 
danger to your shipmates. 

2. Eat your meals slowly. Don't eat to excess, 
and never have a big meal before a long march 
or other strenuous exercise. 

3. Drink plenty of water, but not all at one 
time. Drink only from your own cup or canteen. 

4. The entire body should be bathed at least 
three times a week. Feet should be washed daily 
and dusted with powder. Care of feet is a primary 
factor in marching ability; we will say more on 
this subject later. 

5. While it is comparatively easy to de¬ 
stroy vermin with DDT, every effort must be 
made to keep them from getting a start amongst 
your group. Body lice (which actually live in the 
clothing rather than on the body can transmit 
serious diseases. The best way to prevent lice 
is to keep a clean body, and to change frequently 
to clean clothes. 

The information in this section of the chapter, 
is, of course, just as important aboard ship as 
ashore, and you have been drilled in these mat¬ 
ters many times. Aboard ship, compliance with 
sanitation and personal hygiene rules is well 
supervised, with immediate penalties for the 
wrongdoer. Ashore, however, it becomes a mat¬ 
ter of self-discipline. There is no compartment 
cleaner, scullery man, master-at-arms, etc. 
Ashore, the duties of these individuals are wrap¬ 
ped up in one man — you. 

MARCHES 

In this chapter marching does not mean the 
dressy maneuvers performed on parade grounds, 
or the close order drill out on the pier. Here, 
the march is defined as a troop movement on 
foot, designed to get the troops to their destina¬ 
tion on time and in condition to execute their 
mission. 

There are many factors that contribute to a 
successful march. Some of these factors are 
planning and preparation, march supervision, 
the men's training and physical condition, and 
natural factors such as terrain and weather. 

In the following discussion you are assumed 
to be the squad leader. We will explain the gen¬ 
eral principles which characterize a successful 
troop movement —one of the elements essential 
to a successful battle plan. 


Planning and Preparation 

Before the march you sill be given march 
orders. These orders should answer as many 
of the following questions as possible. 

Who? The units involved. 

What? The nature of the movement. 

Where? Destination. 

When? The time you are to start. 

Why? Purpose of the operation. 

Ask any questions about the orders at this 
time. Get it straight before you go back to your 
men. Your squad should be given the same 
complete information that was given to you. 

If there is time, your squad should be well 
conditioned before they are sent on a long 
march. This can be done by practice marches, 
gradually increasing the distances. Before the 
march make a thorough inspection of all per¬ 
sonnel. This includes a detailed inspection of 
feet, footwear, clothing, and equipment. New 
shoes, and socks with holes in them, are out. 

To avoid delay, fill your canteens and make 
up your packs on the night before the march. 
Adjust your pack properly, because you may go 
a long way before your first half the next day. 

Before you leave camp, police the area. 
Dispose of waste and litter. 

Standing around is fatiquing; when your men 
fall in for the march, don't delay its start. 

On The March 

The usual march formation is a column of 
twos or threes. You will be at the head of the 
squad. The rate of march will have been es¬ 
tablished before starting, taking into consider¬ 
ation the terrain, length of march, the appointed 
hour you are to arrive at your destination, etc. 
Under favorable conditions, you should be able 
to cover 20 miles in an 8-hour day. Counting 
halts, this averages about 2-1/2 to 3 miles an 
hour. 

You should put a man (preferably a short one) 
out in front of your men as a pace setter. The 
rest of the squad moves at route step. The 
monotony can be relieved by occasionally march¬ 
ing in step for short distances. 

An effort must be made to keep up morale 
during long marches. This is ture even of pro¬ 
fessional foot soldiers, so it becomes a neces¬ 
sity with a ship's landing party. Group singing 
helps; also calling of cadence. Allow the squad 
wit to show off, within reason. 
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HALTS.—About 45 minutes after the start of 
the march, a 15-minute halt should be called. 
Do not halt in or near a town, except to procure 
water or supplies. In this case keep the men 
together at the halt area and send a detail for 
what is required. 

Encourage the men to get off their feet 
during the half. No encouragement will be needed 
to get the men to adjust the packs that they as¬ 
sembled but didn't adjust the night before. 

Usually, the procedure for the rest of the 
march will be march 50 minutes, rest 10. This is 
not mandatory, however. In cases of excessive 
midday heat, longer halts should be called. The 
squad will not be halted to prepare a noon 
meal. Field rations are eaten enroute. A hot 
meal, when possible, is served at the end of the 
day's march. 

A word about forced marches. These are 
generally made not by increasing the rate of 
march, but by increasing the number of march¬ 
ing hours. 

WATER DISCIPLINE.—The human body needs 
water to replace fluid lost by evaporation. The 
amount varies. A trained man can lose 3 times 
as much water as an untrained man, without 
serious discomfort. In most cases, a man should 
not need water until after about 2 hours of 
marching. Then he can slowly sip one-half 
the contents of his canteen, and thereafter, one 
pint per hour. 

One of the prime factors in water discipline 
is water supply —when and where water will be 
available. This factor alone prohibits a hard and 
fast rule on water consumption. It is a matter 
of local conditions and common sense. 

MARCH DISCIPLINE.—As a squad leader, 
you are responsible for keeping your men under 
control during the march. Their confidence in 
your ability is, of course, an asset. So, know 
your job and set the example. 

In particular, the following pointers can be 
used as a guide to ensure the conduct of the 
march: 

• The psychological condition of the men 
can effect the march. The leader who can cheer 
up his men, maintain the appearance of strength 
and firmness, and keep up the march rate, will 
gain the men's respect and obedience. 

• The normal distance between men will 
vary. On a long march it can be extended to 5 
yards. Distances greater than that complicate 
control. 


• Do not permit straggling. It is infectious. 
Station a petty officer at the end of the squad to 
keep it closed up. 

• Don't lead your men over unfavorable 
terrain during the march just for the sake of 
training. Pick the best routes. 

• Spread the word. In case of an unsched¬ 
uled halt, give them the reasons. Tell them, 
if possible, how long the halt will be. 

• Keep your men together during a halt. 

• Marching at the head of a column is 
easier than at the rear. Reverse the order of 
march from time to time. 

THE MAP AND COMPASS 

Generally a map and compass is carried 
only by the squad leader. Each man in the 
squad, however, should know how to use. these 
items. 

The Map 

A map is a graphic representation of the 
earth's surface, drawn to scale. Manmade and 
natural features of the area are shown by sym¬ 
bols. The symbols used on military maps (like 
symbols in electrical schematics) are usually 
simplified line drawings of the object they rep¬ 
resent. A coal mine, for instance, may be shown 
by a crossed pick and sledge hammer. Or, a 
church is shown as a block with a cross on it, 
and so on. Look at figure 5-8A while we explain 
some more features of a map. 

GRID LINES. — To locate or reference a point 
on the map, a grid system is used. Grid lines 
rim up and down the map, and across it. Like 
streets in well laid out towns, they form squares 
like city blocks. The streets (our grid lines) 
are all numbered, and we can locate the ad¬ 
dress of any object on our map with these num¬ 
bers. 

So let's locate a point by the grid reference 
system. How would you locate and reference 
the letter "U" in the word turnpike? There are 
four steps: 

1. Find the first vertical grid line to the 
left of the letter U. It is 47. 

2. Mentally divide the distance between the 
47 and 48 into tenths (fig. 5-8B). Now estimate 
how many tenths are between line 47 and the 
letter U. There are six. 

3. Find the first horizontal grid line below 
the letter U. It is line 33. 
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4. Mentally divide the distance between lines 
33 and 34 into tenths. Estimate the number of 
tenths between line 33 and the letter U. There 
are eight. 




47 48 


B 


65.138 

Figure 5-8. —Military map showing Sackville 
and Vicinity. 


The answer (grid reference) is written as a 
continuous number, 476338. The rule to follow 
in giving a grid reference or in following out 
a grid reference is READ RIGHT UP. 

Suppose your squad is to meet a patrol at 
a point referred to as 477336. (Break this down 
mentally into 47-7-33-6). If you follow correctly 
the steps just described, you should find the 
patrol waiting for you at the north end of the 
upper runway of Liaison Field. 

ELEVATION AND CONTOUR.—So far, we 
have assumed that everything on our map is 
flat. We must find a way to determine differ¬ 
ent ground levels. Not only do we need to know 
when the ground is sloping or hilly, but we need 
to know how steep the slopes and hills are. 
Contour lines give us this information. 

The contour line on a map represents an 
imaginary line on the ground along which all 
points are at the same elevation. The eleva¬ 
tion of these lines is measured from sea level, 
not from the surrounding countryside. The ver¬ 
tical distance between lines is the contour inter¬ 
val; it is stated on the side of the map. 

Here's a way to think of contour lines. Let's 
suppose that the man who made the map started 
walking around the base of a hill, staying always 
at the same elevation above sea level. (Maybe 
he had an altimeter with him.) On his back he 
had a leaky flour bag. As he walked, the flour 
left a trail. After completing his round, he 
moved up the hill, say 100 feet higher, and 
walked around it again. The result was another 
flour line. When he did this all the way to the 
top of the hill, his lines might have looked like 
those in the upper left-hand corner of our map. 

Examples of the information that can be ob¬ 
tained from contour lines are shown in figure 
5-9. Suppose there is a high spot of ground 
that breaks off suddenly and becomes a cliff. 
When this is shown on a map, the contour lines 
are close together (fig. 5-9A). Figure 5-9B 
shows the contour lines for two hills with a 
saddle between them. 

Streams form valleys. The "V" of the val¬ 
ley's contour lines points uphill, or upstream 
(fig. 5-9C). 

The Compass 

Before the map and compass can be used to¬ 
gether, the map must be placed so that the di¬ 
rections on the map are lined up with the direc¬ 
tions on the ground. This is called orienting 
the map. One way of doing this is with the aid 
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54.183 

Figure 5-9. —Contour lines. 


of a compass. You should be familiar with the 
magnetic compass. You know, for example, that 
the compass needle always points toward true 
north — right? Wrong. The magnetic compass 
needle points toward magnetic north. This north 
may be several degrees from the north indicated 
by the vertical grid lines on your map. 

Fortunately, the mapmakers have taken this 
into account. Someplace on your map you will 
find a declination diagram such as the one in 
figure 5-10A. The line with a half arrowhead 
is magnetic north. The long line is grid north. 
The angle between them is called the GM (grid- 
magnetic) angle. In this case it is 11 degrees. 

NOTE: For the purpose of this text you 
should disregard the line with the star. It points 
true north, but we are interested only in cor¬ 
recting for the error between the magnetic north 


65.124 

Figure 5-10.—A. Declination diagram; B. GM 
(grid-magnetic) angle. 


of the compass and the north as indicated by the 
vertical grid lines. 

Another feature of the newer type maps is a 
scale marked off in degrees and a pivot point 
"P" located at the upper margin of the map 
(fig. 5-10B). To orient your map proceed as 
follows: 

1. Draw a magnetic north line on your map. 
To do this, read the number of degrees of the 
GM angle from the declination diagram. Then 
draw a line down the map through the pivot 
point and the 11 mark on the small scale at the 
top of the map. 

2. Place your compass on the map so that 
its flat side (the side with the meter scales on 
it) lines up with the magnetic north line (fig. 
5-11). 

3. Turn the map (the compass turning with 
it) until the compass needle lies under the station¬ 
ary index of the compass. 

The map is now oriented. 

The map and compass can be used to find 
your location. This is done by a process called 
triangulation. First orient your map. Then find 
two objects on the ground which you can also 
locate on your map. Take a bearing on one of 
the objects and record it. Lay your compass on 
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the map and draw a line from the object on the 
recorded bearing. Do the same with the second 
object. Where the lines meet on the map is your 
position. 

For another use of the compass let us sup¬ 
pose your squad is ordered to leave camp and 
go to a particular place, say a bridge. The 
bridge can be located, but is not in sight. To 
carry out your orders, first draw a line on 
your oriented map from your camp to the bridge. 
Then lay your compass along this line and obtain 
your bearing. We will assume the bearing is 325 
degrees. Then take your compass and sight along 
this bearing. 

While you can't see your main object, the 
bridge, you know it is somewhere up ahead 
along the line on which you're sighting. So pick 
a recognizable object which does lie along your 
line of sight. This may be a peculiarly shaped 
hill, large rock, etc. Head for this object. When 
you get there, do the same thing again, picking 
out a tree, or a fence, and continue your line 
of march. You will finally reach a point where you 
can see your bridge. 


COMBAT FORMATIONS 

Combat formations are nothing more than 
groupings of individuals or units to fit a par¬ 
ticular tactical employment. From the name, 
you can see that these formations have appli¬ 
cations for a squad in combat. In this situation, 
firepower is the key factor. That is, the men 
are formed to bring the most weapons to bear. 

The formation discussed in this chapter are 
the column, wedge, line, echelon, and the V 
(fig. 5-12). These are not only formations that 
can be used, and the formations themselves 
can be varied in certain situations. Formations 
are changed after giving consideration to the 
disposition of the enemy, the mission, the ter¬ 
rain, etc. 

Before going into the combat formations, a 
word about the symbols and a brief explanation 
of individual positions. 

The squad leader is not restricted to any 
fixed position. If you are the squad leader, 
place yourself where you can best observe and 
control your squad. 

The fire team leader places himself where 
he can best observe and control his team, and 
receive orders from the squad leader. Nor¬ 
mally, he is in a position next to the automatic 
rifleman, so that he can quickly and effectively 
exercise control of that weapon. 

The automatic rifleman should be near the 
fire team leader, in a position where he can 
deliver effective fire on the enemy and still 
have the protection of a rifleman. 

The assistant automatic rifleman places him¬ 
self so that he can keep up the supply of ammu¬ 
nition and help the automatic rifleman. 

The rifleman (called the scout in the Marine 
Corps) is the security element. He is stationed 
toward the enemy. If the unit is moving toward 
the enemy, he is in the foremost position; if 
withdrawing, at the rear. 

The characteristics of the five combat for¬ 
mations are as follows: 

The column (fig. 5-12A) is excellent for 
speed of movement and control. It is especially 
suitable for narrow routes of advance, and in 
conditions of poor visibility. The drawback of 
this formation is its poor firepower directly 
ahead. 

The wedge (fig. 5-12B) permits good control 
and can deliver effective fire to the front. It 
provides all-around protection, and readiness for 
action in any direction. It is used when the squad 
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Figure 5-12. —Combat formations. 


has a narrow front, or when the enemy strength 
and disposition is not known. It tends to prevent 
the bulk of the unit from being engaged pre¬ 
maturely. 

The V (fig. 5-12C) is used when the enemy 
is directly to the front, and his approximate 
strength and location are known. It provides 


good all-around security, plus firepower to the 
front. 

The echelon (right or left) (fig. 5-12D) is 
used when a flank is exposed. It allows the use 
of maximum firepower to the front and flank. 

The line (fig. 5-12E) formation, as you can 
see, will deliver the greatest firepower to the 
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front. It is used for crossing areas exposed to 
enemy fire, and for the assault. It is difficult 
to control and maneuver. 

Special Operations 

Special operations require a special tech¬ 
nique. Special tactics may become necessary 
because of the nature of the mission, the oper¬ 
ating conditions, characteristics of the operating 
area, or a combination of these factors. The 
Landing Party Manual lists these special op¬ 
erations, including special operations in combat, 
such as raids, night combat, combat in built-up 
areas, etc. The operations we discuss here, how¬ 
ever, deal with peacetime uses of the ship's landing 
party. 

The landing party may be requested to assist 
civil authorities during times of disaster or 
disturbance. The Constitution of the United States 
provides the President with authority to employ 
Federal military forces under the following 
circumstances: 

To aid a State upon request of that State. 

To enforce the laws of the United States. 

To protect Government property (and private 
property necessary for defense). 

To impose martial law. 

Riot Duty 

Federal forces will be called upon to perform 
riot duty only when the disorder is serious and 
widespread, and the authorities are unable to 
handle the situation. They will not be employed, 
except for the protection of government prop¬ 
erty, unless so ordered by the President. 

In case of wholesale and universal disorder 
in a town, city, or district. Federal forces 
acting under proper orders will be required to 
carry out tactics prescribed for the occupation 
of hostile cities (or at least a modification of 
these tactics). Because of the nature of riot 
duty, exact rules are hard to prescribe. Each 
case must be handled separately. In general, 
however, the following information will apply 
to the problem of controlling crowds or mobs: 

A crowd is a group which is, or may be, 
disorderly and inclined to violence, but has not 
yet lost its collective sense of fear. The pur¬ 
pose of action at this time is to prevent the crowd 
from being transformed into a mob. 

It should be made evident to the crowd that 
the military force has a leader, and that he has 


a plan which he will carry out, using whatever 
force is necessary. Along with the show of 
military strength, the crowd will be advised of 
the rules and orders they are to obey and the 
reasons for such rules. 

When the crowd breaks up, it is necessary 
to 1 keep it moving. Arrest anyone who stands 
out as a prospective leader, and is attempting 
to excite the crowd. 

A crowd can be turned into a mob by: 

1. an apparent weakening of the forces holding 
the crowd in check; 

2. a simple act of audacious violence suc¬ 
cessfully carried through; or 

3. a noisy, ranting speech by a fiery leader. 

Mob tactics differ from those employed against 
crowds. Sterner measures must be adopted. 

In dispersing a mob don't bluff; don't use blank 
ammunition or fire a volley over their heads. 
Such action may be mistaken for a sign of 
weakness, and may do more harm than good. 
Avoid hand-to-hand fighting. The mob, because 
of superior numbers, has the advantage. 

The mob should be commanded to disperse, 
and given a chance to do so before taking life. If 
it should become necessary to charge a mob or 
move against it, use a suitable formation. Keep 
in mind that marching in columns with the col¬ 
umns in echelon causes the mob to retreat 
obliquely. And using either the right or left 
echelon formation, you can make the mob move 
in a desired direction. 

The wedge formation has the effect of divid¬ 
ing a mob into parts. It is sometimes desirable 
to handle the parts separately. 

If you have a chance to take the mob from 
the rear or flank, use it. It tries the morale 
of the best disciplined troops to be fired on 
from the flank or rear, and on a mob it is es¬ 
pecially demoralizing. 

Other Special Operations 

Two more instances in which the landing 
party may be ordered ashore to render assist¬ 
ance or exercise military power are national 
disaster and the imposition of martial law. 

History is filled with examples of military 
units assisting local authorities during times of 
national disasters such as floods or fires. Not 
only local and state, but also foreign govern¬ 
ments, have requested and received such assist¬ 
ance. 
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Among the first steps taken by the military 
is the posting of a guard on government build¬ 
ings, and possibly in the banking district. The 
nature of the operation implies that the assist¬ 
ance will consist largely of relief work. Pro¬ 
vision will be made to shelter and feed the 
population. Tents, ponchos, blankets, and shoes 
are the principle articles required. Tents should 
be erected in camps under military control. 
Proper camp sanitation, as already mentioned 
in this chapter, is of vital importance. 

Water supply is also important. The exist¬ 
ing supply should be carefully tested before be¬ 
ing used. Rations should be guarded and conserved. 
Experience has shown that when uncooked rations 
are issued free, civilians tend to accumulate 
large quantities by ’’repeating." 

The imposition of martial law is less fre¬ 
quent than national disasters. It was, however, 
carried out in such places as Hawaii during 
World War n, and in occupied territories for 
some time after the end of hostilities. 

The mission of the military unit, under mar¬ 
tial rule or in occupied territories, is to main¬ 
tain law, order, and good discipline; to protect 
the property and inhabitants of the area; and to 
enforce the authority of the naval commander. 

Essentially, the landing party will function 
as military police. For additional information 
on this matter, see Army publications FM19-5, 
Military Police; and FM 19-10, Military Police 
in Towns and Cities. 

STOWING, ISSUING, AND 
MAINTAINING LANDING 
PARTY EQUIPMENT 

Most ships have a landing force locker or at 
least a space designated especially for the stow¬ 
age of landing party equipment. You will be 
responsible for the security of this equipment. 
Much of the equipment, and all weapons, are 
highly polferable items. The rule is to keep 
the space locked, and impose strict account¬ 
ability for the key. 

All small arms are considered equipage, and 
a signature of subcustody is required before 
they are issued from their normal place of 
stowage. Signatures of custody may also be re¬ 
quired (at the weapons officer’s discretion) be¬ 
fore issuing other items of landing party equip¬ 
ment such as knives, canteens, and ponchos. 
If BuSandA Form 306A is available, get the 
signature of the man receiving the equipment. 
If the form is not available, however, any type 
of signed custody record can be used. The im¬ 


portant thing is to keep the equipment locked up, 
and when it is issued, get a signature. 

While some pieces of landing party equip¬ 
ment (such as tents and ponchos) are water 
resistant, they should not be folded and stowed 
while wet. This will cause mildew to attack the 
fabric. When tents are erected, they should be 
slackened. A tent will shrink when drying out 
after a rain. On occasion, tents whose lines 
have not been slackened have split down the 
middle upon drying. 

When the contents of a canteen have been 
used, empty it entirely. Even a small amount 
of water left in it will cause slight corrosion, 
and a disagreeable odor and taste. 

Leather shoes and boots can be treated with 
saddle soap. The application should be thor¬ 
ough in order to clean and soften the footwear, 
and to replace some of the oil in the leather. 

Mess gear should be clean and dry before 
you pack it away. After the final rinse in 
boiling water, dry these items by shaking them 
in the air. Do not use a cloth to dry them. 

Upon being issued a weapon, the receiving 
individual becomes responsible for its proper 
care and use. This requires training, which is 
the job of the Gunner's Mate. You will find in¬ 
structions for the operation, maintenance, and 
repair of infantry weapons in chapters 4 and 13 
of this text. 

When operating with a landing party there is 
a good possibility that the hand grenade will be 
used. The following section briefly discusses types 
of hand grenades and steps required for their 
safe and proper use. 


HAND GRENADES 

A hand grenade is a small bomb. It is filled 
with either a high explosive or chemical, or it 
may be an empty container used for practice. 
Hand grenades come in many sizes, shapes, and 
types and are designed to fulfill a wide variety 
of purposes. They can be used for providing 
material and personnel casualties; for screening, 
signaling, and illuminating; for demolition and 
harassing; and for incendiary action. 

TYPES AND CHARACTERISTICS 

There are four types of hand grenades: 
(1) training, (2) practice, (3) fragmentation, and 
(4) offensive. Each, type is designed for special 
jobs. For a summary of the capabilities of each, 
refer to Army Field Manual FM-23-30. 
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The common characteristics of all hand gre¬ 
nades are: 

1. They have a relatively short range. The 
range depends upon the throwing ability of the 
individual and the weight and shape of the grenade. 
With proper training, a sailor should be able to 
throw a fregmentation hand grenade about 44 
yards. The average throw of the heavier smoke 
grenade is only 27 yards. 

2. Hand grenades have a relatively small 
effective casualty radius when compared with that 
of other weapons. Effective casualty radius is 
defined as the radius of a circular area around 
the point of detonation within which at least 50 
percent of the exposed personnel are casualties. 
The effective casualty radius varies with the type 
of grenade used. 

3. All standard hand grenades have a delay 
type fuze. The grenade does not detonate on 
impact, but after the burning of a delay element 
in the fuze assembly. The fuze assembly (fig. 
5-13) consists of a fuze body, safety lever, safety 
pin, striker spring, a primer, a delay element, 
and detonator or igniter. For further information 



about the operation of the fuze assembly, refer 
to FM 23-30. The average time delay for the 
offensive grenade is only 4.5 seconds. Because 
of this short time delay, personnel must stay 
alert when arming and throwing hand'grenades. 

PROCEDURES FOR THROWING 

For greater accuracy and range, the grenade 
should be thrown like a baseball, using the throw¬ 
ing motion most natural to the individual. It is 
important to grip the grenade properly. Figure 
5-14 shows the proper position of the grenade 
prior to pulling the safety pin. First cradle 
the grenade in the fingers of the throwing hand. 
Hold the safety lever down firmly under the 
thumb, between the tip and first finger joint. 
In this way, the grenade fits snugly into the 
curved palm of your hand, giving you a firm, 
comfortable grip. Pull the pin without changing 
your grip, but don't relax your thumb pressure 
on the safety lever until you throw the grenade. 

The first steps in grenade throwing are to de¬ 
velop good throwing habits, and several throwing 
positions. Four throwing positions are recom¬ 
mended: (1) standing, (2) kneeling, (3) prone, and 
(4) crouch. Field manual 23-30 explains the proper 
steps taken when using any of these positions. 



84.18 

Figure 5-14. —Proper way to grip the hand 
grenade. 
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The standing position is used most often be¬ 
cause it is most natural. The procedures for 
throwing from this position are as follows: 

1. Stand half-facing the target, with your 
weight balanced equally on both feet. Hold grenade 
chest high, using the correct grip (view 1 fig. 
5-15). 

2. Pull pin with a twisting, pulling motion. 
Cock your throwing arm to the rear (view 2). 

3. Throw the grenade with a free and natural 
motion. As it leaves your hand, follow through by 
stepping forward with your rear foot (view 3). 
Observe the point of probable strike, then duck 
your head to avoid fragments or other effects. 

4. Recover, then resume the original standing 
position. 


DEMOLITIONS 

If you are assigned to the Seabees, your job 
as GM will often have a lot to do with handling 
of explosives and demolition materials. Dem¬ 
olition equipment is also issued to many types 
of ships, and the Gunner's Mates aboard are 
the men who are responsible for handling it. 

The use of explosives and associated blast¬ 
ing gear for construction projects and large- 
scale demolition involves highly developed skills. 
To develop those skills requires a good deal 
of training and experience. No textbook can be a 
substitute for such training and experience — nor 
is this one. This section is intended only as an 
introduction to the subject. 

In this chapter we will take up only those 
items of demolition equipment that are at present 
commonly issued to ships of the fleet. 


The safety precautions related to handling and 
using grenades are covered at the end of this 
chapter. 



84.19 

Figure 5-15. — To throw from the standing 
position. 


DEMOLITION CHARGES 

The demolition explosive usually issued to 
ships is most often TNT, in cast or pressed 
form, but it may be Tetrytol. The explosives 
come in half-pound and 1-pound blocks (fig. 
5-16). TNT is also the main component of the 
55-pound demolition charge. 

The half-pound and 1-pound blocks are is¬ 
sued in cardboard boxes, and can be used either 
by themselves or as boosters to set off larger 
charges. Both sizes are made with cap wells 
(or activator wells) into which you can insert 
blasting caps (which we will presently explain). 

The Mk 2 demolition charges (fig. 5-17) now 
issued to ships have rectangular rust-resisting 
steel cases a little over 9 inches square and a 
little over 14 inches high. Mods 2 and 3 (ear¬ 
lier mods are obsolete) are similar except that 
Mod 2 has handling lugs. The 1-pound TNT 
block that is used as a booster to detonate the 
charge fits into a cavity in the main cast 
charge; the blasting cap that sets off the 1- 
pound block is screwed into the block's acti¬ 
vator well. Figure 5-17 shows the charge as 
set up for blasting. The blasting cap is not 
inserted until just before the charge is set off. 

BLASTING CAPS 

There are two kinds of blastingcaps — ELEC¬ 
TRIC and NONELECTRIC. (Fig. 5-18A). 

The special nonelectric blasting cap is cap¬ 
able of detonating all standard types of dem¬ 
olition material. A flame from either a time 
fuze, detonating cord, or special firing device 
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53.163 

Figure 5-16. —TNT blocks-A. l/2-pound block. B. 1-pound block. 


will ignite the flash charge. This ignites the 
priming charge, which in turn detonates the 
base charge. 

This cap, along with blasting time fuze, is 
used for firing demolition charges nonelectric- 
ally. This method, while not the preferred one 
(electrical firing is safer), is used under many 
conditions because of the light weight of the 
material and the speed of placement and use. 

For all the details on the use of nonelectri¬ 
cal blasting caps and their methods of ignition, 
we recommend that you read FM 5-25, Ammu¬ 
nition and Demolition. For one example of non¬ 
electric firing, look at figure 5-19 while we 
briefly go through the procedure. 

STEP 1. Cut off and discard a 6 to 12 
inch portion of the exposed end of the blasting 


time fuze. A test must be made of the burning 
rate by burning a 6-foot sample length of time 
fuze. The 6-foot sample length should be tested 
from the same coil that will be utilized for the 
shot. The sample length should be initiated by 
a M2 fuze lighter if available. 

STEP 2. Cut off the desired length of time 
fuze and push it through the priming adapter. 

STEP 3. Remove one nonelectric blasting 
cap from its box. Check inside of the cap to 
insure it is clear of obstructions. Check the 
end of the time fuze to insure a square cut. 
Insert the time fuze into the cap (DO NOT TWIST 
OR TAP). Crimp cap onto time fuze 1/8 inch 
from open end of cap. Use only the crimping 
tool to crimp caps. (DO NOT CRIMP NEAR 
FACE). 
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Figure 5-17. — Demolition Charge Mk 2 Mod 2 
(prepared for electrical firing). 


STEP 4. Insert the cap into the activator 
well of the demolition charge. Screw the adapter 
into the charge to hold the blasting cap in place. 
If screw adapters are not available, some means 
should be taken to prevent the cap from coming 
loose from the charge, such as wrapping with cord 
to wire. If the charge is too big a weighted object 
may be placed on time fuze several inches from 
charge. 

STEP 5. The time fuse may be lighted one 
of two ways. The first, which should always 
be used if available, is the M2 fuze lighter. It 
is the safest and surest. If the M2 fuze lighter 
is used, it should be installed on the time fuze, 
prior to the installation of the blasting cap. 
The second way is by a wooden match. Slit the 
time fuze longitudinally and insert a match 
in the slit so that the head of the match protrudes 
slightly from the side of the time fuze. Hold the 
match and match box as shown in picture No. 5 
of figure 5-19. Do not attempt to light the match 
unless you are prepared to do it successfully 
the first time. After you have struck the match, 
depart the vicinity —even though the attempt 
appears to be unsuccessful. Walk calmly but 
smartly to safe area —NEVER RUN. If a long 


distance is necessary to reach a safe area then 
additional length should be allowed on the blasting 
time fuze. 

STEP 6. If a misfire is encountered, wait 30 
minutes plus time for the blasting time fuze to 
burn. This must be adhered to. 

STEP 7. It is highly advised that any per¬ 
sonnel faced with setting up and firing demolition 
shots of any kind, refer to: Demolition Materials, 
NavWeps OP 2212. 

The functioning of electric blasting caps is 
simplicity itself, as you can see from figure 
5-18. An electric current heats up a bridge 
wire, setting off the heat - sensitive priming 
charge, which in turn sets off the PETN base 
charge. This detonates the TNT block into which 
the cap has been inserted; if the block is the 
booster to a larger main charge, the train 
of explosions comes to an end with the detona¬ 
tion of the main charge. 

Three makes of special electric blasting 
caps are standard issue: DuPont, Hercules, 
and Atlas, all shown in figure 5-18B. Note the 
distinctive coloring. Remember that two or more 
electric caps connected in the same circuit must 
be the product of the same manufacturer. This 
is essential to prevent misfires, because caps 
of different manufacturers have different electri¬ 
cal characteristics. All three makes are water¬ 
proofed, and can be used under water if nec¬ 
essary. 

Note also the metal short-circuiting devices 
(safety shunts) on the leg wires that help pre¬ 
vent accidental detonation of the caps by stray 
electrical currents. These must NOT be re¬ 
moved until just before the cap is wired into 
the firing circuit. 

The electric blasting cap fits into the acti¬ 
vator well of the demolition charge. But it 
doesn't fit tightly, and can easily slip out. To 
hold the cap in the charge you use a priming 
adapter, a small plastic cylinder that screws 
into the threaded end of the TNT block and 
holds the cap in place. Figure 5-20A shows the 
adapter assembled in the block, with part of 
the adapter cut away to show how it holds the 
cap in place. Figure 5-20B illustrates the two 
steps in assembling the adapter and cap be¬ 
fore they go into the charge. These steps are 
described in the next section of this chapter. 

The other equipment used for electrical fir¬ 
ing of demolition charges include a blasting ma¬ 
chine for supplying current to the blasting 
cap (fig. 5—21), wire or cable of require length 
(the cable may be on a special reel like the one 
shown in fig. 5-22B) for connecting the machine 
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53.157 

Figure 5-18. — Blasting caps-A. Cutaway view. B. How to identify electric blasting caps according 

to manufacturer. 
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Figure 5-19. —Using cap and fuse for nonelectric firing of demolition charge (TNT block). 


to the charge, insulating tape for protecting the 
splices which connect the cable to the caps, and 
a blasting galvanometer for testing the circuit 
before you fire the charge. You also need a 
knife for working with the wire. 

BASIC PROCEDURES FOR 
SETTING UP AN ELECTRICAL 
CIRCUIT AND BLASTING 

To qualify as a second-class Gunner's Mate, 
you must be able to demonstrate your ability 
to work with the demolition equipment on your 
own ship. In general, this will most likely 
mean that you will have to show that you can 
work with the equipment we have discussed so 


far in this section. Of course, nothing you read 
here or elsewhere will make you a genuine 
expert with demolitions. You need real training 
and experience with the gear for that. But, 
so that you can see how all the equipment we 
have described is used together, let's take up, 
step by step, the procedure for preparing and 
setting off a demolition setup, using demolition 
charges Mk 2 (or Mod 3) and electric blasting 
caps. 

1. Determine where the charges are to be 
placed. This, of course, depends on what is 
being demolished and the purpose of demolition. 
If you're sinking a floating hulk that's a menace 
to navigation, place the charges so that the 
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CUT AWAY 



( 2 ) 
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53.158 

Figure 5-20. —The priming adapter-A. Priming 
adapter and electric blasting cap assem¬ 
bled into charge. B. How to assemble the 
priming adapter and cap before assembly 
into charge. 

hulk will go down promptly in water deep enough 
so that it will be out of the way. Make sure that 
all WT doors are open. If you're scuttling your 
own ship (this sad possibility is fortunately not 
frequent, but it might be necessary in the event 
of imminent capture by the enemy), you must, 
in addition, make it as difficult as possible for 
anybody ever to use the ship again. Or you may 
be wiring up small charges to be used in destroy¬ 
ing secret or confidential equipment against the 1 
possibility of capture. You'll be guided by orders 
from competent authority, but you must know 
something about demolition techniques. 

2. Usually you will set off several charges 
at once. To do this, you place the charges, 
and make up a circuit which includes the blasting 
machine and all the charges in series. First 
you wire in all the caps, then connect them to 
the cable, and then test the circuit. Here are 
these steps in more detail: 



29.87 

Figure 5-21.—Wiring electric blasting caps 
A. Common series circuit. B. "Leap¬ 
frog series circuit." 


a. Make sure your caps are all of the 
same manufacture. Caps of different make should 
NEVER be used together in one circuit. Be sure 
not to use more caps than your blasting machine 
is designed to handle; it's better to use fewer. 
When you take caps out of their box, don't try 
to pry them loose with a sharp instrument; 
use your fingers, and slide them out carefully. 
Examine the caps before wiring them up; reject 
any that show signs of moisture or corrosion. 

b. Grasp the wire above the cap and 
straighten the coils from the wire leads, being 
careful not to put tension between cap and wire 
leads. Place caps behind a suitable barrier or 
in a heavy gauge bucket. Test each cap individ¬ 
ually as far away from the bucket or barrier as 
the leads will allow with the galvanometer. 
After test of cap, shunt the cap by twisting the 
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Figure 5-22.—A. Blasting galvanometer. 
B. Testing the firing circuit. 


two wire legs together. Do this until you have 
tested the number of blasting caps you will use. 

c. You make electrical tests for dem¬ 
olition setups with only one instrument — the 
blasting galvanometer (See fig. 5-22A.) You 
must NEVER use any other instrument. The 
blasting galvanometer is in a box, usually pro¬ 
tected by a leather case, with a dial face on 
which you can see the galvanometer needle. 
It contains its own small battery as a source of 
current. At the base of the box are two ter¬ 
minals—flat metal discs. You test by touching 
the wires you are testing to the terminals. If 
current flows (and the currents indicated by 
the galvanometer are very tiny ones that will 
not set off a blasting cap), the needle deflects. 

d. First you test both cable conductors 
BEFORE they are connected to anything. (Make 
sure their ends are not twisted together.) You 


should get NO steady indication on the gal¬ 
vanometer. (But it's O.K. for the needle to flick, 
then return to zero.) If you DO get a steady 
galvanometer needle deflection, there is a cur¬ 
rent leak or short circuit in the cable (caused by 
defective insulation or conductors touching each 
other). If the trouble cannot be rectified, use 
other cable that will test O.K. 

e. Next, you wire the cable to the caps 
(but do NOT connect the blasting machine). 
Test the complete circuit by touching the cable 
terminals at the "reel end" (where the blasting 
machine will be connected) to the galvanometer. 
(See fig. 5-22B). This time you should get a 
definite steady needle deflection. If you don't, 
go over your circuit and repair it where it's 
broken. Test each splice and cap individually, 
if necessary. Or you may use the procedure 
described in the next section of this chapter 
for locating breaks in the circuit. 

f. After testing the circuit, the next step 
is to set each blasting cap in its charge. Open 
the top of the charge shipping box. (The charge 
need not be removed from the shipping box to 
be used, however.) Break the paper seal pro¬ 
tecting the activator well in the booster but 
don't use the blasting cap as a tool. Make sure 
there is no dirt in the well. Then slip the leg 
wires of the cap through the priming adapter's 
wire slot with the threaded end of the adapter 
pointing toward the cap (fig. 5-20). 

If the leg wires don't slide readily through 
the slot, don't try to force them by pulling on 
the cap. Grasp the wires about 6 inches from 
the blasting cap and slide the adapter slot along 
the wires away from the cap. Tilt the adapter 
as you do this, to make the entry of the wires 
easier. 

Now insert the cap gently all the way into the 
activator well; hold the adapter away from cap until 
it's all the way in. Then work the adapter down the 
wires until it reaches the well, and screw it 
in gently but firmly as far as it will go. Last, 
tie the wires so that the cable doesn't strain 
them at the cap. The Mk 2 Mods 2 and 3 charges 
have cable anchors under the bolts in the booster 
covers that can be used to secure the cable. 

If you haven't yet tested the circuit, do it 
now. If time permits, it may be a good idea 
to do it again even if you tested it before as¬ 
sembling the caps into their charges. 

3. The last step is to connect the blasting 
machine. Make sure everything else is in read¬ 
iness, and that all personnel have cleared the 
danger area. Connect the cable to the blasting 
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machine. Most blasting machines have remov¬ 
able handles; don't put the handle on until AFTER 
the machine is connected, and just before you 
blast. To operate the machine, twist the handle 
smartly through its full range. 

4. If the blast does not occur, remove the 
handle of the machine (and put it into your 
pocket to make sure nobody operates the ma¬ 
chine inadvertently) and DISCONNECT the ma¬ 
chine. Then, after 30 minutes and only then, is 
it safe to investigate the trouble further. 

PROCEDURE FOR LOCATING 
BREAKS IN THE FIRING 
CIRCUIT 

Here is a way (illustrated in fig. 5-23) in 
which a break in the firing circuit may be lo¬ 
cated if the circuit test from the reel end indi¬ 
cates an open circuit, or if you have a misfire. 

1. First disconnect the blasting machine. 
Make sure the two wires at the reel end of 
the firing cable are separated and not touching 
any conductor. 

2. Connect the two spliced wires at the far 
end of the firing cable (C and D in fig. 5-23) 
with the blasting galvanometer. (Don't break 
the splices; just touch them to the galvanome¬ 
ter's terminals.) If the instrument now shows 
a complete circuit, these connections (C and 
D) or the cable are faulty. 

3. If the galvanometer still shows an open 
circuit, connect splice D to one terminal (L) 



circuit. 


of the galvanometer, using a wire (N) long 
enough to reach all connections in the circuit. 
Move around the circuit with the galvanometer, 
touching the other terminal (O) to all splices 
in succession. At the first point where the in¬ 
strument shows an open circuit, you know that 
there is a break between that point and the pre¬ 
vious one. 

If the break is accessible, splice the broken 
wire. If the cap is defective, replace it if pos¬ 
sible. If you can't, handle it as a misfire; use 
additional priming, or set up another charge 
close by. After this repair, continue the test 
to locate additional breaks. When all are re¬ 
paired, test the circuit again from the reel end. 

REFERENCES 

With what you have read here, you will have 
a head start on learning to use the demolition 
equipment that is issued in accordance with 
most ship ordnance equipment lists. Here are 
some references you can look up if you want to 
learn more about demolitions. 

NavPers 10186-B, Gunner's Mate Gunsl & C 

OP2212, Vol. 1, Demolition Material 

Army Field Manual FM 5-25, Explosives and 
Demolitions 

Dupont Co. Explosives Department, Blasters 
Handbook 


SAFETY 

1. Do not take any grenade apart unless 
ordered to do so by competent authority. 

2. Do not tamper with grenades and do not 
recover or tamper with live grenades that fail 
to explode (duds). These duds are recovered 
and destroyed only by ordnance or other qualified 
personnel. 

3. Do not pull the safety pin until you are 
ready to throw the grenade. If the safety pin 
will not pull out easily with a pulling-twisting 
motion, straighten its ends. In the majority of 
cases, this will not be necessary. Maintain a 
firm grip on the safety lever when removing 
the safety pin. 

4. After you pull the safety pin, throw the 
grenade. Do not attempt to replace the pin in 
order to return it to a safe condition. 

5. When throwing a fragmentation grenade 
without protective cover, drop immediately to a 
prone position, face down, with your helmet to¬ 
ward the grenade. Keep your arms and legs flat 
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against the ground. Other men in the area who 
are exposed must be warned to drop to a similar 
position. Steel helmets must be worn at all times 
when using grenades. 

6. Although little danger is involved in using 
practice hand grenades, they require some degree 
of care in handling and throwing. You can throw 
the practice grenade a safe distance, but for the 
purpose of training, and to preclude injury from 
an improperly loaded grenade, take cover. Wear 
the steel helmet, and keep all other personnel at 
a safe distance. Practice grenades that fail to 
function (duds) are not recovered for at least 
10 minutes, and then only by trained personnel. 

7. Grenades and fuzes are shipped in sep¬ 
arate containers. When handling fuzes use ex¬ 
treme care at all times. The detonator of a fuze 
is very sensitive to heat, shock or friction. OP 
4 Ammunition Afloat and Army Field Manual 
FM-23-30 explain the safety precautions and 
steps taken when fuzing hand grenades. 

Here is a brief summary of precautions to 
ensure both reliability and safety, which you 
should bear in mind when blasting with electric 
caps: 

1. Use only Army Engineer Special blasting 
caps of the types described previously for military 
demolitions. Other caps are weaker and may cause 
misfires. 

2. Use only one brand of cap in any one circuit. 

3. Before using a blasting cap, inspect it 
for moisture. If you see any sign of dampness, 
use another cap. Never use a sharp instrument 
to pry a cap out of its box. And never take a 
cap out of its box unless you intend to use it. 

4. All the wiring in an electric blasting 
circuit must be the responsibility of one per¬ 
son only, and that man must know his job. He 
should keep the blasting machine, or its op¬ 


erating handle, on his person while the circuit 
is being wired, to avoid accidental firing. 

5. Before firing or testing, be sure the 
safety shunts are removed from all caps, but 
don't remove the shunts until you are actually 
wiring the caps into the circuit. If shunts are 
missing, keep the cap wires twisted together. 

6. Never fail to use the blasting galvanometer 
to test your complete circuit before the blasting 
machine is connected. Don't depend on visual 
inspection only. Use no other device to test the 
circuit. Dry-cell powered ohmmeters, for in¬ 
stance, may set off the blasting caps. 

7. Never yank the leg wires of an electric 
cap, or subject them to any steady pull. This 
is important to remember when you're installing 
the priming-adapter. Secure the leg wires and 
firing cable with strong twine or other fastenings 
so that pulls on the cable will not be transmitted 
through the splice or to the cap. 

8. Don't connect the cable to the blasting 
machine until you're ready to fire and the dan¬ 
ger area is clear. Unless you are actually testing 
the circuit or you are actually making ready 
to blast, it's a good idea to keep the free ends 
of the cable twisted together. 

9. Avoid setting up an electric blasting circuit 
when there is a thunderstorm brewing. In general, 
protect electric blasting caps, whether in circuit 
or not, from any stray electric currents. 

10. When you use the blasting machine, twist 
the handle sharply to be sure you get enough 
output to fire. If the machine has a thong, 
wrap it about your wrist to prevent the machine 
from slipping when you twist. Immediately after 
the blast, disconnect the machine and twist the 
cable conductors together. If your circuit mis¬ 
fires, try once more. If it misfires again, dis¬ 
connect the blasting machine, put the handle in 
your pocket, and twist the cable conductors to¬ 
gether before you try to investigate the cause of 
misfire. 
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CHAPTER 6 


BASIC MECHANISMS 


The purpose of this chapter is to explain the 
fundamentals of basic machines and the prin¬ 
ciples of hydraulics so that the Gunner's Mate 
will have the background to better understand 
the ordnance equipment that he is now working 
with in the fleet. As new and more complex 
ordnance is introduced into the fleet it is es¬ 
sential that today's Gunner's Mate have the 
knowledge of the technical fundamentals of the 
rate. The control mechanisms of the old as 
well as the new gun systems involve a com¬ 
bination of mechanical, hydraulic; electrical and 
electronics devices and are of a degree of 
complexity unknown to the Gunner's Mate of 
old. A study of this chapter and the chapter 
that follows on electricity and electronics will 
supply you with most of the information you will 
need to help operate and maintain the ordnance 
equipment of the future as well as the present. 

INTRODUCTION 

We will start this chapter by asking you 
three questions, and then provide the answers: 

1. What is a machine? 

2. What is a mechanism? 

3. How will knowing the answers help you? 

For the answers to the first two questions 
let's turn to the dictionary. According to Web¬ 
ster, a machine is: “Any device consisting of 
two or more resistant, relatively constrained 
parts, which may serve to transmit and modify 
force and motion so as to do some desired kind 
of work, popularly, a complex combination of such 
parts together with their framework, fastenings, 
etc.” For the present, let us condense this 
mouthful by saying: “A machine is a device which 
will do a job for you, or at least make the job 
easier.” 

As for the mechanism, the dictionary says 
that mechanisms are: “The parts of a ma¬ 
chine .” 


Now let's see how this information will help 
you. 

If you accept the definition of a machine, 
then a gun power drive, a hoist, and an auto¬ 
matic loader are machines. And, as a Gun¬ 
ner's Mate, a large part of your work will be 
concerned with just such devices. Experience 
has probably already shown you that gun power 
drives, rammers, etc., are sometimes com¬ 
plex in design and operation. At first glance, 
the publications issued to guide you in the 
maintenance and reapir of such machines may 
appear baffling. This is true not only of elec¬ 
trical and electronic components, but mechani¬ 
cal ones as well. Look at figure 6-1 for an 
example. This is a mechanical schematic of a 
3-inch loader. It shows all the parts (and their ac¬ 
tions) which cause rounds of ammunition to 
be automatically drawn through the hopper and 
delivered into the gun chamber at a rate of 
50 rounds a minute. In this text we are not going 
to explain the operation of the 3-inch loader. 
The illustration was chosen because it demon¬ 
strates the need for the information in this 
chapter. 

Now for the definition of a mechanism. It 
was pointed out that a machine, no matter how 
complicated, is made up of smaller, simpler 
parts —mechanisms. See Fig. 6-1. Since your 
job requires you to maintain and repair machines, 
you must know how these machines work, and un¬ 
derstand the theory behind their operation. It 
would be hard to understand the operation of a 
complex machine without first understanding the 
purposes and functions of its parts. 


TYPES OF BASIC 
MECHANISMS 

A modern gun of intermediate or larger 
caliber contains thousands of parts. Of these, 
a good percentage can be correctly labeled 
mechanisms. Fortunately for you, the Gunner's 
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Figure 6-1. —A machine. 3"/50 rf loader schematic. 
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NOTE: ARROWS INDICATE DIRECTION OF ROTATION 
FOR NEXT CYCLE OF CLUTCH ENGAGEMENT, 
STARTING WITH:-TRAY AT GATES. CONTROL LEVER 
AT CLUTCH OPEN, HELD BY SOLENOID INTERLOCK 
LEVER. BREECH OPEN. BORE CLEAR. 
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Figure 6-1. —A machine. 3"/50 RF loader schematic — Continued. 
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Mate, they can be grouped into a relatively 
small number of basic types. In this chapter 
we will study nine types of basic mechanisms, 
and show how they are used in ordnance: 

Wheels and bearings 

Gears 

Cams 

Levers and linkages 

Chains and sprockets 

Clutches 

Springs 

Buffers 

Couplings 

WHEELS AND BEARINGS 
Wheels 

The wheels we are talking about here are the 
type that are rigidly connected to axles. When 
either the wheel or axle turns, it turns the 
other. 

When the wheel and axle turn as one, we have 
a simple machine. One common purpose of such 
a machine is to multiply the force exerted on it. 
A doorknob, and the handle of an ice cream 
freezer, are only two examples of the varied 
uses of this device. One of the most common 
ordnance uses of the wheel and axle is shown 
in figure 6-2. 

Here you see a handwheel which could have 
come from nearly any gun that depends upon a 
pointer or trainer to move the mount around 
manually. 



How does a set of handwheels help you move 
a gun? The question would answer itself if you 
ever removed the handwheels and tried to move 
the gun by rotating the small shaft (axle) with 
your fingers. There is a formula for deter¬ 
mining the mechanical advantage that can be 
obtained from a wheel and axle arrangement. 
It is not necessary that you remember this 
formula; it is included only to emphasize our 
point. 

Let us suppose that you apply 10 pounds of 
force on the handwheel. Assume that the handle 
is 5 inches from the center of the axle, and that 
the radius of the axle is one-half inch. We can 
figure the output from the formula 

L R 

T = V 

where 

L = radius of the circle in which the handle 
n turns 

■t' = radius of the axle 

R = output 

E = force applied to handle 
5 R 
1/2 10 

5 x 10 

R = - 

1/2 

R = 5 x 10 x 2 
R = 100 pounds 

This means that a 10-pound force at the 
handwheel will apply a 100-pound force at the 
shaft. 

Bearings 

We must start our discussion of bearings with 
a brief word on friction. FRICTION is the 
resistance to relative motion between two bod¬ 
ies in contact. Sometimes this resistance is 
useful. For example, it is hard to walk on ice 
because there is very little friction between 
your shoes and the ice. In ordnance, however, 
friction is mostly unwanted. It takes effort to 
rotate trains of gears, move levers and shafts, 
etc. Friction in these mechanisms adds to the 
effort required. Lubrication is one answer. It 
coats the surfaces of moving parts in contact 
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Figure 6-2. —A wheel and axle used to 
multiply effort. 
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with one another—separates them by a fluid 
film. In some cases, though, this is not enough. 
Sometimes the speed of the moving parts, or 
the load on them, is so great that the oil film 
will be slung out or ruptured. Here, bearings 
and (lubrication) are the answer. 

Bearings can be divided into two basic types— 
plain (sliding) bearings, and rolling contact bear¬ 
ings. 

PLAIN (SLIDING) BEARINGS. — Most often, 
the parts which rub together are made of steel. 
Sometimes the friction can be sufficiently re¬ 
duced by simply inserting a strip of softer 
metal, such as bronze, between the two steel 
parts. This is the theory behind the plain, or 
sliding, type bearing. In figure 6-3 you can see 
three applications. 

In figure 6-3A you see a gun slide weldment 
in which the gun and housing move in recoil 
and counterrecoil. The bearing strips (one is hid¬ 
den) inside the slide are made of bronze, and 
support the heavy housing as it moves forward 
and aft during firing. The barrel bearing, also 
bronze, supports the barrel in these movements. 
In figure 6-3B you are looking up at a sliding 
wedge type breech mechanism. The breech op¬ 
erating shaft, in its rotating movement, pulls 
and pushes the breechblock up and down. You 
can see that the steel operating shaft is kept 
from coming into direct contact with the steel 
slide and bearing caps (not shown) by culindrical 
bronze bearings. For ease in assembly and 
disassembly, the bearings are in two parts. 
Notice the oil grooves cut into the inside of the 
bearing. These grooves distribute the lubricant 
around the shaft from a zerk type fitting on the 
bearing caps. 

The bronze bearing blocks, up inside the 
breechblock, transmit the rotating movment of 
the operating shaft to raise and lower the breech. 
These are oblong bearings, riding in slanted 
blockways in the block. They are lubricated 
by means of oil holes drilled throughout their 
length. 

BEARINGS WITH ROLLER CONTACT.— The 
plain bearings we have just described will reduce 
friction. A much more efficient type, however, 
is that which inserts a rolling contact between 
the stationary and moving elements of the mech¬ 
anism. The rolling elements are balls or rollers. 
The bearing assembly usually is made up of three 
parts —the rolling elements, a separator, and two 
races. 




BEARING 

BLOCK 


SHAFT BEARING! 


J 

BREECHBLOCK 
OPERATING SHAFT 


84.119 

Figure 6-3.— Example of plain (sliding) 
bearings. 
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An ordnance application of roller bearings 
can be seen in figure 6-4A. Here they are 
used to reduce friction between the rotating gun 
mount (base ring) and the stationary stand. The 
horizontal rollers support the weight of the 
mount. The upper race (roller path) is part of 
the base ring. The lower race is part of the 
stand. The separator keeps the roller bearings 
from getting canted and running into one another. 
The upright (radial) bearings reduce friction 
between the base ring and stand when a side¬ 
ways force is exerted on the mount. 

In figure 6-4B you see tapered roller bear¬ 
ings used in trunnions. In this application they 
allow the trunnions to rotate freely, but restrict 
sideways and up-and-down movement as the gun 
bucks during firing. 

BALL BEARINGS. —The roller bearing as¬ 
semblies just described can be disassembled 
for replacement of parts, and for cleaning, ex¬ 
amination, etc. Ball bearings, on the other 
hand, are usually assembled by the manufac¬ 
turer and installed as a unit. Like roller bear¬ 
ings, the ball bearings reduce friction, and in 
some applications prevent unwanted movement. 



Sometimes maintenance publications refer 
to roller and ball bearings as being either thrust 
or radial bearings. The difference between the 
two depends upon the angle of intersection between 
the direction of the load and the plane of ro¬ 
tation of the bearing. Figure 6-5A shows a 
radial ball bearing assembly. The load here is 
pressing outward along the radius of the shaft. 
Now suppose a strong thrust were to be exerted 
on the right end of the shaft, tending to move 
it to the left. You can see that the radial bearing 
is not designed to support this axial thrust. 
Even putting a shoulder between the load and 
the inner race wouldn't do. It would just pop 
the bearings out of their races. The answer 
is to arrange the races differently, as in figure 
6-5B. Here is a thrust bearing. With a shoulder 
under the lower race, and another between the 
load and the upper race, it will handle any axial 
load, up to its design limit. 

An example of a roller thrust bearing as¬ 
sembly is the horizontal bearings shown in fig¬ 
ure 6-4A. The vertical roller bearings are radial. 
Sometimes bearings are designed to support 
both thrust and radial loads. This is the ex¬ 
planation of the term RADIAL THRUST bear¬ 
ings. The tapered roller bearing in figure 6-4B 
is an example. 



84.120 

Figure 6-4. —Bearings with rolling contact. 
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LOAD 




A B 


5.21 

Figure 6-5. —Ball bearings—A. Radial type. B. Thrust type. 


GEARS 

A gear is a toothed wheel that transmits 
motion. When it is engaged with another gear or 
tooth device it can: 

1. Change the direction of motion, 

2. Change the type of motion (e.g., linear to 
circular), 

3. Increase or decrease speed, 

4. Increase or decrease force. 

A complete study of gear types and functions 
can be found in Basic Machines, NavPers 10624A. 
Our coverage of gears here is limited to those 
types which have ordnance applications. We will 
show four types of gears and how they actually 
work in a piece of ordnance equipment. 

Spur Gears 

A spur gear has teeth that are parallel to 
the axis of rotation of the gear, and to its axle 
or shaft. An external spur gear has teeth on an 
inside circumference. Because of their versa¬ 
tility (they can do any one of the aforementioned 
jobs—transmit motion, change direction of mo¬ 
tion, etc.), spur gears are used in ordnance equip¬ 
ment more than any other kind of gear. 

Figure 6-6 shows a train of spur gears. It 
is a part of the hopper drive gearing used on 
the 3"/50 RF loaders. Its purpose is to turn 
the sprockets in such a direction, and at such a 
time as to cause the loader to feed ammunition 


alternately, first from one side and then the 
other. 

In figure 6-6, gear 1 is the only gear driven 
by an external force—an electric motor. It is 
driven in one direction only. Gears 3 and 6 are 
sliding gears, which, while they never become 
completely disconnected from the extreme out¬ 
board gears, (4 and 7) alternately mesh and 
unmesh with the center sprocket gear 5. In the 
illustration, gear 3 is meshed with gear 5, but 
gear 6 is not. 

Here's what happens during a cycle. Gear 1 
rotates in a clockwise direction (see arrow) and 
drives gear 3 in the opposite (counterclockwise) 
direction. Gear 3 drives gears 4 and 5, which 
transmit their clockwise motion to their sprock¬ 
ets, pulling a round of ammunition from the right. 
After the sprockets move 90°, they are stopped 
by other devices in the loader control unit. 

You have just seen how motion is trans¬ 
mitted by gearing, and how the direction of 
movement was changed (reversed) not once but 
twice. How about the ability of spur gears to 
increase or decrease the speed of a motion? 
This is done by gears 1 and 3. It is also done 
by gears 2 and 6 during a feeding cycle from 
the left. So let's make another cycle and see, 
in this case, how speed of motion is increased. 
Before we cycle from the left, let us slide gear 
3 out of mesh with its driving gear and the 
center sprocket gear, and at the the same time 
move gear 6 into mesh with its driving gear 2 
and the center sprocket gear 5. 

When the new cycle starts, gear 1 rotates 
in the same direction as before —clockwise. 
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5.22.1 

Figure 6-6. — Spur gears. 


But this time, the motion is imparted to the 
sliding gear from gear 1 through gear 2. Gear 
2 reversed the motion of gear 1, and all sub¬ 
sequent gear movements are in the opposite 
direction from those occurring the right-hand 
cycle. The center and left sprockets turn counter¬ 
clockwise 90° and then stop. 

Notice that sprocket movement is always 
90°, one quarter turn. If you count the teeth in 
one quarter section of the sliding gear you will 
find that there are 10. Since there is no slip¬ 
page in gears, driving gear 2 had to move 10 
teeth past its point of mesh with the sliding 
gear. From the illustration you can see that 10 
teeth on the driving gear are equal to about a 
60° segment. Since both gears moved through 
their segments during the same time period, the 
smaller gear rotated one-third faster than the 
larger gear driving it. 

We have just demonstrated how a speed in¬ 
crease is obtained by driving a small gear with 


a larger gear. A speed decrease is obtained by 
doing just the opposite, using a small gear to 
drive a larger gear. Before leaving the subject 
of speed reduction and increase, we must tell 
you that any increase in speed is accomplished 
at the expense of force. You already understand 
this principe if you have ever driven an old 
automobile with a standard transmission. You 
know that to get such a car up an extremely 
steep hill you probably had to shift to low. This 
gearing arrangement reduced your speed but gave 
you greater force. Once at the top of the hill, 
you shifted to high, which is a speed increasing 
arrangement of the transmission gearing. You 
could afford to sacrifice force, at that time, for 
speed. 

Worm Gear 

Worm gearing is used to obtain large speed 
reductions between nonintersecting shafts making 
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an angle of 90° with each other. With a worm- 
and-wheel gearing arrangement, the velocity ratio 
is the ratio between the number of teeth on the 
gear (such as a spur gear) and the number of 
threads on the worm. Without going into for¬ 
mulas, we can say that a 30-tooth gear (wheel) 
that is meshed with a worm gear with only one 
thread will have a velocity of 1 to 30, i.e., the 
worm must make 30 revolutions in order to make 
the spur gear revolve once. A DOUBLE-THREAD¬ 
ED worm will cause the spur gear to make one 
revolution after only 15 turns, etc. 

Look at figure 6-7. Here is a double-thread¬ 
ed worm and spur drive gear. You may recog¬ 
nize these gears as being part of the loader 
drive control mechanism of a 3 n /50 RF gun. 
The worm can be driven by an electric drive 
motor or by an handcrank. The spur gear has 
24 teeth and the worm is double-threaded. (If 
you have trouble trying to find two threads on 
the worm, just think of the worm as having two 


positions by which a nut could be started onto 
its end.) With this gearing ratio the worm must 
turn through 12 revolutions to rotate the spur 
gear one turn. 

Worm gears are an excellent choice to drive 
indicating devices such as those in fuze setters 
and power drive indicator regulators. These 
dials must accurately transmit gear movements 
of fractions of degrees. 

One more fact before moving on to the next 
type of gear. Movement of the spur gear can¬ 
not be backed up through the worm, this is 
called a non-reversing worm drive. This is why 
there is always a worm in gun elevation gearing. 
You can elevate a heavy gun manually to a cer¬ 
tain degree and it will stay there. Without the 
worm, gravity would cause the heavy position 
of the gun (breech or muzzle) to settle. It's 
movements would back out through the gearing 
and handwheels. 
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Figure 6-7. — Worm gear. 
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Bevel Gears 

Bevel gears are used to connect two inter¬ 
secting shafts. Figure 6-8 shows a set of bevel 
gears connecting a manual drive shaft to a train 
worm gear. Here the shafts are at right angles 
to one another, and the teeth are cut at a 
45° angle. Bevel gears such as these are called 
MITER GEARS. 

Any desired ratio of speed or force can be 
developed by bevel gears, just as with spur 
gears. By driving a large gear with a smaller 
one, you decrease speed but gain in force, and 
vice versa. 

Rack And Pinion Gear 

The gears we have looked at so far transmit 
rotation. Sometimes it is necessary to change 
circular motion to straight line motion. One 
way to do this is by the use of a cam, as you 
will see later. Another method uses a gear 
arrangement called a rack and pinion. In figure 
6-9A you can see that the pinion looks just like 
a spur gear. The rack has teeth similar to those 
of a spur gear but they are arranged in a straight 
line. In the example the rack and pinion are 
located in a trunnion, and are used to transmit 
gun elevation to the firing cutout mechanism. 
When the gun is elevated or depressed, the 
pinion is rotated. This causes the rack to walk 
up (or down), positioning a plunger over the 
face of the firing cutout cam. A rack and 
pinion can also be used to change straight line 
motion to circular motion. To do this, you simply 
connect to the pinion whatever you want rotated, 
and then pull or push the rack. 

An unusual rack and pinion setup is used in 
some power rammers. A diagram of such an 
arrangement is shown in figure 6-9B. Here are 
two racks and one pinion. One rack is fixed to 
the stationary gun slide; the other carries the 
rammer shoe. The pinion is pulled back and 
forth by a piston in the hydraulic section of the 
rammer drive. With such a gearing design, 
linear motion of the hydraulic piston is changed 
to rotary motion of the pinion, then back to 
linear motion by the moving rack. Not only does 
it do all this, it doubles the linear input. Here's 
how*. 

You can see that the pinion is 26 inches from 
the face of the gun chamber. The rammer shoe 
is 52 inches from the chamber. When a cycle is 
started, the pinion is pulled to the right. As it 
walks along the fixed rack, the moving rack is 
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5.22.4 

Figure 6-8. —Bevel gears. 
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Figure 6-9. — Rack and pinion—A. Converting rotary motion to linear motion. 

B. Increasing mechanical advantage. 


pulled along also. At the end of 26 inches of 
pinion movement the cycle ends. The rammer 
shoe has traveled 52 inches and has pushed the 
round of ammunition into the chamber. On the 
retract stroke the same actions occur in re¬ 
verse. When the pinion is pushed back 10 teeth 
(26 inches), the upper rack will walk back 10 
teeth also, but the combined movements position 
the rammer shoe 52 inches from the face of the 
chamber once again. 


This multiplying gear arrangement makes it 
possible to get all of the rammer inside the gun 
shields over 5' ’ gun mounts. 

CAMS 

A cam is an irregularly shaped device which 
is used to transmit motion through a follower. 
Some cams are stationary. When the follower is 
moved over the cam’s specially shaped surface 
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it is moved up or down. In other applications 
the cam is built like a wheel with a lopsided 
edge. In this case, the follower is usually a 
shaft with a roller in contact with the cam. When 
the cam is rotated, the shaft moves back and 
forth following the cam's irregular contours. 

Maintenance publications are inconsistent in 
cam nomenclature. In this chapter we will con¬ 
sider cams as belonging to one of three classes: 
edge, face, or barrel. 

Edge Cams 

An edge cam is one which has the irregular 
surface machined around it's outer edge. Figure 
6-10A shows how an edge cam is used to lower 
the breechblock of a sliding wedge type breech 
mechanism. 

The cam plate is secured to a nonrecoiling 
part of the mount. The operating shaft crank 
moves back and forth when the gun fires. In the 
illustration, the gun is returning to battery and 
a lug on the operating shaft crank has just come 
into contact with the cam. As the gun moves 
farther into battery, the lug is forced to ride 
down the slope of the cam. This causes the 
operating shaft to rotate clockwise, pulling the 
breechblock down. 

Another application of the edge cam can be 
seen in figure 6-10B. Here rotary motion is 
changed to straight line motion. As the cam is 
turned, the lever is forced to follow the spe¬ 
cially designed bumps around its edge. Through 
a plunger, the hydraulic valve is moved up or 
down during the cam's rotation. This causes 
hydraulic pressure in the valve block to be 
closed off or opened according to plan. 

Face Cams 

A face cam is one which has the irregular 
surfaces machined into its face (flat side). The 
follower is forced to move back and forth (or up 
and down) to maintain contact with the irregular 
surfaces. 

Figure 6-11A shows a face cam used to 
interrupt gunfire when the gun is pointed at 
some part of the ship's structure. The cam has 
high and low areas cut into it. It is rotated by 
gearing when the mount is trained. The cam 
pin (follower) is positioned by a rack and pinion 
according to the gun's elevation. When it is 
unsafe to fire, the high part of the cam pushes 
the cam pin outward. Through linkage, this 
movement disconnects the foot treadle from 
the firing mechanism. In the case of electrical 
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Figure 6-10.— Edge cams — A. An edge cam 
rotating an operating shaft. B. An edge 
cam positioning a hydraulic valve. 

fire, the same linkage movement causes a switch 
to open, breaking the firing circuit to the firing 
mechanism. 

In figure 6-11B you see another kind of face 
cam. Here the cam surface is an eccentric 
groove cut in the face of a cam gear. A roller, 
connected to one end of a follower shaft, rides 
in the groove. As the cam turns, the follower 
moves back and forth, imparting linear motion 
to whatever device it is attached to. 
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ELEVATION 
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Figure 6-11. — Face cams. 


Barrel (Drum) Cams 

Barrel cams are cylindrical in shape. Usually 
the camming surfaces are grooves spiralling 
around the inside or outside of the barrel. 
Figure 6-12 shows a barrel cam used in the 
8" turret synchronizing control device. As the 
barrel is turned, the follower will move back 
and forth along the length of the barrel. 

Another example of the barrel type cam is 
the differential cam used in 5 M /38 indicator 
regulators. 



LEVERS AND LINKAGES 

Levers are the simplest and perhaps the 
most familiar of all machines. There are three 
classes of levers—first, second, and third. 
They differ primarily in the relative points 
where effort is applied, where the resistance is 
overcome, and where the fulcrum is located. 
One of the three classes of levers, the first 
class is used most often in ordnance equipment. 
So out discussion here will be concerned only 
with that class. 

In first class levers the effort and resistance 
are on opposite sides erf the fulcrum, and the ef¬ 
fort and resistance move in opposite directions. 

What is the purpose of levers? It depends 
upon their application. One thing they all do is 
transmit motion. Of more importance is their 
ability to magnify the effort exerted. Look at 
figure 6-13 while we show how a first class 
lever works. 

Here you see part of the breech interlock 
mechanism of a 3"/50 rf gun. It is made up 
of levers, cams, and linkages, which prevent 
loading cycles from starting until certain con¬ 
ditions exist. A round must have been fired; 
the bore must be clear, and the gun completely 
back in battery. The actions and components of 
this mechanism are unimportant to this dis¬ 
cussion. They are shown only to represent a 
resistance which must be overcome by some 
force before they will act. During actual firing 
this force comes from recoil, counterrecoil, 
and empty case extraction. For the first cycle 
to start, however, the linkage must be cleared 
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Use the formula shown under the lever in 
figure 6-13; assume that L = 6 inches and 
= 2 inches. Substitute these numbers into the 
formula 


6 60 
2 E 

60 x 2 

E = - = 20 

6 

You need apply a force of only 20 pounds to 
lift 60. 

The formula above the lever (fig. 6-13) is 
used to compute mechanical advantage (MA). 
Mechanical advantage if the ratio of the resist¬ 
ance to the applied effort— 

R 

MA = — . 

E 

Substituting the effort and resistance from the 
previous problem, you will find that 

R 60 

E 20 

Another method of finding mechanical advan¬ 
tage is by dividing the length of the effort arm L 
by the length of the resistance arm &. In this 
case, 



3. 


84.128 

Figure 6-13. —A first class lever. 


by hand. This is the job of the hand reset lever. 
This is a first class lever, and it will multiply 
the force you exert on it to actuate the linkage 
and clear the mechanism. Here's how: 

In the insert you see a lever. Like the hand 
reset lever, it has 3 basic parts—a force or 
effort (E), which you will apply at a distance (L) 
from the FULCRUM (F); and a resistance (R), 
which acts at a distance^) from the fulcrum. 
If the resistance (R) at the end of the fulcrum is 
60 pounds, how much force will you have to apply 
to overcome it? 


Linkage mechanisms contain levers, cranks, 
and connecting links, such as push rods, bars, 
and slides. Linkages are designed to accom¬ 
plish the work of gearing, but with fewer moving 
parts. Figure 6-14 shows the linkage mechanism 
used to open and unlatch the gates of a 3"/50 RF 
loader. 

The front gates must be opened before the 
round of ammunition is started downward into 
line with the gun chamber. The rear gate must 
be unlatched also, because the first movement 
of the loading tray is rearward, then downward. 
Movement of the linkage is started at the cam 
in the upper left-hand part of the illustration. 
As the cam turns, a first class lever is moved 
and sets the rest of the linkage in motion (follow 
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Figure 6-14. — Gate operating linkage. 


the arrows). The first ouiput of the cam-operated a lever. As the right end of the lever is moved 
lever is in-line motion, straight backwards. upward, it unlatches the rear gate. 

Cranks transfer this motion to the front gates. The job of opening and unlatching the gates 
moving them outboard. Follow on to the rear could be done with gears and shafts, but it 
of the loader and you can see that a cam is should be obvious to you that the linkage will do 
moved forward. This pulls down the left end of it much more efficiently, and with fewer parts. 
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CHAINS AND SPROCKETS 

You already understand the principle of the 
chain and sprocket mechanism if you know how 
a bicycle is powered. A chain is wrapped around 
two sprockets (some distance apart), and brought 
back and connected to itself by a connecting 
link. Since the chain engages matching teeth on 
the sprockets, when one sprocket is turned 
the other must turn. Thus rotary motion is 
transmitted with no slippage. 

Speed reduction or speed increase (with a 
corresponding increase or decrease in force) 
can be obtained with sprockets and chains in the 
same manner as with gearing. That is, when a 
small sprocket is used to drive a larger 
one, the result is a decrease in speed but an 
increase in force, and vice versa. The sprocket 
and chain mechanism is used in most ordnance 
applications to transmit motion. Motion thus 
transmitted can cover relatively large distances 


where the use of gearing would be prohibitive 
due to inefficiency and weight. 

Many types of hoists, for example, use the 
chain and sprocket drive to move ammunition 
between different deck levels. In fact, it is not 
unusual to find dredger hoist chain drives which 
span three or four decks. 

A smaller version of the chain and sprocket 
drive can be seen in figure 6-15. The chain 
here is used to catapult a 3"/50 round of am¬ 
munition from the tray into the gun chamber. 
The forward sprocket is driven by a gear train 
(not shown). The after sprocket is driven by 
the chain. As the chain moves forward it carries 
the driving lug and shell carriage with it. This 
causes the round to move forward. The carriage 
is unlatched from the chain after a certain dis¬ 
tance, and the driving lug provides the final 
catapulting action. After the round clears the 
tray, the tray starts its upward movement. Gear¬ 
ing now rotates the forward sprocket carriage 
aft to pick up the next round. 
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Figure 6-15.—Chain and sprockets. 
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CLUTCHES 

A clutch is a form of coupling used to con¬ 
nect shafts in equipment drives. There are two 
classes of clutches—the positive clutch and the 
friction clutch. 

Positive Clutch 

When a positive connection of one shaft with 
another is needed, a positive clutch is used. 
This clutch is the simplest of all shaft con¬ 
nectors. Because it does not slip, this clutch 
generates no heat. The use of the positive type 
clutch is limited by the speed of the shafts to be 
connected. If both shafts can be stopped, or 
made to move relatively slowly, the positive 
clutch can cause the shafts to be engaged. 

Figure 6-16 shows a clutch which is used 
to select one of two power sources to drive a 
mechanism. There are three sets of jaws. The 
jaw on the left has a fixed connection (by a 
coupling) to the primary source of power. The 
jaw on the right is part of the sprocket driven 
by an auxiliary power source. Between these 
two is a sliding jaw which slides left and right 
on a spline on the drive shaft. This center jaw 
has the only physical connection to the drive 
shaft. It is moved by the shifting lever. When 
shifted to the left, the sliding jay engages the 
jaw secured to the primary power source and 
connects it to the driven mechanism through 
the drive shaft. When shifted to the right (as 
shown) it engages with the jaw driven by the 
chain and sprocket from the auxiliary source of 
power. 

Square-jawed positive clutches are most often 
found in places such as handwheel gearing, where 
they are moved to select gear ratios or types of 
control inputs to the power drive. 

Friction Clutch 

Sometimes it is necessary to connect a shaft 
which is rotating fairly fast with another which 
is not rotating. This can be done with a friction 
clutch. When an initially stationary shaft is to 
be driven by a moving shaft, the friction sur¬ 
faces of the clutch (between the two shafts) will 
absorb the slippage until the driven shaft is 
brought up to speed. In this manner an elec¬ 
tric drive motor can be kept running continu¬ 
ously, and power can be tapped from its drive 
shaft when desired. Engaging the friction type 
clutch causes the motion to be transmitted without 
serious shock to the shafts. 


Figure 6-16 shows the clutch placed be¬ 
tween an electric motor and the mechanical 
drive gearing of the 3"/50 rf automatic loader. 
The clutch is made up of several discs. The 
discs are of two types (shown in the insert) and 
are placed alternately in the stack. The large 
disc has projections which fit into slots of a 
cup. The cup is part of the shaft from the elec¬ 
tric motor. As the electric motor is running 
constantly, the attached discs are also rotating. 
The smaller discs, on the right in the insert, are 
keyed to the worm shaft. 

When the clutch shipper sleeve is moved 
slightly to the right, no cycle is possible. The 
discs are not in immediate contact—the larger 
ones are rotating, the small ones are still. 
When a cycle is started, the clutch shipper 
sleeve is slammed to the left, bringing the 
discs hard against each other. Through fric¬ 
tion, the large discs transmit their rotation to 
the smaller discs, and the worm turns. Motion 
then goes through a train of gears to move the 
loader tray. When the cycle is completed, other 
mechanisms cause the clutch shipper sleeve to 
move right, disengaging the clutch. 

SPRINGS 

Springs are elastic bodies (metal in ord¬ 
nance applications) which can be twisted, pulled, 
or stretched by some force; and when the force 
is released they have the ability to return to 
their original shape. Because of this ability, 
springs are often used to store energy. Energy 
thus stored becomes a potential force in mechan¬ 
ical systems much as the dry cell batteries pro¬ 
vide in electrical circuits. 

According to their design and applications, 
springs can do a variety of jobs. So many, in 
fact, that it is not practicable to list them all 
here. What we will do is class the springs ac¬ 
cording to type, and show an instance or two of 
how they are used in ordnance gear. 

Compression springs store energy. They are 
designed so as always to press outward. Energy 
stored in such springs is often used to cause, 
or complete, functioning cycles. 

Figure 6-17 shows a familiar helical com¬ 
pression type spring. Counterrecoil springs are 
used on guns 3-inches and smaller to absorb 
some of the force of gun recoil, and when the 
force is spent, they push the gun back into 
battery. The spring in the illustration is used 
on a 3”/50 rf and is under 3000 pounds initial 
pressure upon installing. This force builds up 
much higher when the gun is in full recoil. The 
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Figure 6-16.— Clutches — Positive-clutch (upper). Friction clutch (lower). 


energy of the spring is used to force the gun 
back into battery. 

Helical compression springs are also used: 

1. To counterbalance heavy weights. Such 
springs are called equilebrator springs; they are 


found on 5"/38 loading machines and 3"/50 RF 
loaders. 

2. To reduce shock or impact. Here the springs 
are used in buffers which will gradually check 
the motion of a moving weight. 

3. In valve blocks, where they will press on 
valves, keeping them from being free-moving 
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until acted upon by another force such as hy¬ 
draulic pressures, cams, or linkage. 

4. To permit some freedom of movement 
between components without disengaging them 
(sometimes called takeup springs). Here the 
springs are placed, for example, between two 
collars of aligned shafts. The springs are strong 
enough to allow one shaft to pull or push the 
other, working as one solid rod. If a malfunction 
(further along the linkage train) should occur, 
causing one of the shafts to become immovable, 
the other can complete its movement. The spring 
will take up, preventing damage to the mechan¬ 
ism. 

An example of this spring action is found on 
the round feed shaft of the 3"/50 RF hopper 
drive gearing. In this usage any failure of the 
shifting gears (figure 6-1) to mesh properly 
will cause a takeup spring on the shaft to 
compress. The shifting mechanism is permitted 
to complete its cycle undamaged. 

Tension springs (fig. 6-17) are just the 
opposite of compression springs. That is, they 
always tend to pull inward. In its usual form, 
the tension spring is wound helically like the 
compression type. This is the type of spring 
used to keep screen doors shut. In ordnance 
applications it is used most often to keep a 
component, such as a lever, bearing against 
another component, a cam for instance. The 
lever maintains contact with the cam's irregu¬ 
lar surface as the cam rotates. 

Spiral springs (fig. 6-17) work like the main 
springs of clocks or watches. They store their 
energy by being wound (tightened) and transmit 
this energy by unwinding when released. An 
example of the spiral spring is the breech-closing 
spring of the 40-mm gun. The outer end of the 
spring is stationary. The inner end connects to 
the breechblock operating shaft. When the shaft 
is cammed downward, lowering the block, it 
turns the spring and tightens it. When the 
breechblock is released by the extractors, the 
spring unwinds, rotating the operating shaft, 
moving the block upward to a closed position. 

Torsion springs (fig. 6-17) act in much the 
same manner as spiral springs. When one end 
is held stationary, the other end can be twisted, and 
a force can be built up in the spring. Usually 
such springs are used to return a component 
to its original position after being displaced. 
You find these springs on axis pins of some 
hoist doors, for example. The door is spring- 
loaded to a closed position. Pushing a round 


through the door forces it open, and then the door 
springs shut automatically behind the round. 

Torsion springs are used in 40-mm loaders 
to keep tension on the loading and stop pawls. 
In this arrangement, the pawls can be pushed 
aside when ammunition is loaded through them, 
then spring outward again to prevent any back¬ 
ward movement of the ammunition. 

BUFFERS 

A buffer is used to cushion the collision of 
moving components. Some buffers are simply 
pieces of elastic material, such as rubber or 
plastic, placed between the moving parts at 
their point of impact. Also, compression springs 
can be used as buffers, as you just learned. 
Another type can be seen in figure 6-18. 

Here is a hydraulic buffer using a piston 
that moves in a liquid-filled cylinder. When the 
buffer is not being acted upon, the piston is 
kept to the left by spring pressure. When the 
piston is acted upon by some mechanism, it is 
forced to the right, pushing fluid ahead of it out 
of the cylinder. During the first stage of buffing, 
the liquid can pass through throttling grooves 
to the rear of the piston. As the piston continues 
its movement, the throttling grooves cut off 
liquid flow and the fluid is forced up through 
a much narrower opening at the needle valve. 
This shows piston movement even further, and 
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Figure 6-18. —Hydraulic buffer. 
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the mechanism moving the piston decelerates 
smoothly until it comes to rest. 

The buffer shown in figure 6-18 is used to 
buff the loader drive control mechanism of a 
3"/50 rf automatic loader. The same gun uses 
similar buffers to bring its loading tray to a 
smooth stop as it slams up and down 40 times a 
minute. On a larger scale, hydraulic buffers 
are used to cushion the impact of gun mounts as 
they run into their train and elevation positive 
stops. 

Another use of the hydraulic buffer is to ab¬ 
sorb the kick of gunfire on guns 40 mm and 
larger. What about the large spring wrapped 
around the barrels of such guns as the 40-mm 
and 3"/50? It is true that these springs will 
absorb some of the gun's recoil energy, but 
their main purpose (in this case) is to force the 
gun back into battery after the hydraulic buffer 
(brake) stops the gun's rearward movement. 

COUPLINGS 

In a broad sense, the term "coupling" ap¬ 
plies to any device that hold two parts together. 
For our purposes, these two parts will nor¬ 
mally be shafts. In its most familiar applica¬ 
tion a coupling will permit one shaft to transmit 
motion to another although the shafts are mis¬ 
aligned. The misalignment may be intentional. 
That is, the shafts may have been designed 
to meet at an angle. In this case they trans¬ 
mit motion around a corner, so to speak. The 
misalignment may sometimes be unintentional 
or unavoidable because of wear, slippage, etc. 
Figure 6-19 shows four types of couplings which 
have wide ordnance applications. 

The flexible coupling connects two shafts by 
means of a metal disc. This disc provides a 
small amount of flexibility, allowing slight ax¬ 
ial misalignment between intersecting shafts. 
As you would imagine, there is a limit to the 
amount of force this coupling can transmit, due 
to the relative weakness of the metal disc. 

The adjustable flexible coupling joins two 
shafts by means of the metal disc and an ad¬ 
justable element. By loosening the clamping 
bolt and turning the worm, the right-hand shaft 
can be turned. This type of coupling can be 
found on guns of nearly all calibers, especially 
in gun telescope and sightsetting gearing. It is 
necessary that such items be finely adjusted, 
and this type of coupling can do the job. 

The fixed (Oldham) coupling is not as rigid 
as its name implies. While it is not designed 
to connect shafts which meet at an angle, it will 


transmit motion between shafts which are par¬ 
allel but fail to meet each other exactly. The 
drive shaft connects to the driven shaft through 
a coupling ring. The ring has a small amount 
of radial play, and this allows a small amount 
of misalignment of the shafts as they rotate. 

There are variations of the Oldham type 
coupling, but they will operate on the same prin¬ 
ciple. They are widely used on the output shafts 
of flange-mounted electric drive motors, such 
as the rammer motor of the 5"/38 gun and 
loading machine. 

The universal joint connects shafts which 
meet each other at an angle. The flexible shaft 
also does this. The major advantage of the uni¬ 
versal joint is its strength. It is used in gear¬ 
ing and shafting which carry a heavier load. In 
the illustration you see it used with the manual 
drive gearing of a 5"/38 powder hoist. 

SUMMARY 

In summary, let's review what you have learn¬ 
ed in this section. 

A machine is a device that helps you do 
work. As a Gunner's Mate, you will maintain 
and repair many different machines. 

Machines are made up of smaller parts, 
many of which can be classed as mechanisms. 
We discussed nine types of basic mechanisms. 
There are more, but these nine represent those 
with the widest ordnance applications. 

Some of the mechanisms, such as gears and 
levers, are designed to multiply the force of 
your effort. This gives you a mechanical ad¬ 
vantage of more than one. When the mecha¬ 
nisms multiply either the motion or the speed 
of the applied force, you have a mechanical ad¬ 
vantage of less than one. 

We found that couplings are used to connect 
shafts which are misaligned, or may become 
misaligned. With an addition of an adjustable 
element (worm and gear), a coupling will per¬ 
mit a driven mechanism to be accurately posi¬ 
tioned. 

We saw how clutches permit shafts to be 
rapidly connected or disconnected. 

Machines are not 100 percent efficient. One 
reason is friction. Friction is reduced by lu¬ 
brication and bearings. 

Knowledge of basic mechanisms will help 
you understand how a complex machine works. 
By breaking the machine down into parts, you 
can follow its actions through step by step. 

Remember the schematic of the 3-inch load¬ 
er (fig. 6-1), you were exposed to in the begin- 
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Figure 6-19. —Couplings and their applications. 
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ning of this chapter? If you return to it you 
can see that a good many of the components in 
the schematic are basic mechanisms, which 
were covered (in one form or another) in this 
chapter. And while no effort was made to ex¬ 
plain the loader's operation, you will find that 
most of its actions are clearer to you now. 


BASIC HYDRAULICS 

In this section we explain the hydraulic theory 
of operation of many of the pumps, valves and 
other hydraulic mechanisms of naval guns. Fluid 
Power, NavPers 16193-A, discusses the funda¬ 
mental concepts in the field of hydraulics. Chap¬ 
ters 2, 4, 7 and 13 of this publications presents 
most of the information you need to understand 
hydraulic mechanisms. A thorough study of the 
above listed chapters is recommended prior to 
studying this section. 

In the Navy, hydraulic mechanisms and ap¬ 
plication's of hydraulic prinicples surround you 
everywhere. As a Gunner's Mate hydraulic me¬ 
chanisms are particularly important to you. In 
most gun mounts and turrets hydraulic mechan¬ 
isms are used in, power rammers, training and 
elevating gear, ammunition hoists and many other 
types of ammunition handling equipment. Although 
these applications differ widely in purpose they 
all depend on the same hydraulic principles. 
You'll find too, that although some of these 
mechanisms may be fairly complex, when taken as 
a whole, even a complex one is in reality a system 
composed of a number of relatively simple 
mechanical components. Once you grasp their 
basic principles and see how these simple com¬ 
ponents work together you will be able to under¬ 
stand the workings of an entire system. Chapter 8 
explains the functions of power drives, some 
hydraulic as well as electrical. If you understand 
this section on hydraulics you will be better 
equipped to understand how power drives work and 
also will be more able to maintain and repair 
hydraulic equipment. 

PHYSICAL PROPERTIES 
OF LIQUIDS 

The term "hydraulics" stems from the Greek 
word for water. In earlier times, hydraulics 
was a study of the behavior of water in motion. 
Today, however, the meaning of hydraulics has 
been broadened to cover the physical properties 
of all fluids and especially the oils which are 
used so extensively in our hydraulic systems. 


Hydraulic principles have been employed for 
many years to serve mankind, mainly as a means 
of power to operate machinery. During more 
modern times, hydraulic applications have been 
broadened and, during the course of each day, 
may be seen performing functions such as raising 
barber chairs, providing power for car brakes, 
door stops, and for the more complex ordnance 
systems. 

Blaise Pascal, a French scientist, laid the 
foundation for modern hydraulics. During his 
experiments with fluids, he discovered that pres¬ 
sure, when applied to a liquid, acts equally in all 
directions and at right angles to containing sur¬ 
faces. 

This law is used constantly in our hydraulic 
applications and must be thoroughly understood by 
each of us who are concerned with hydraulic 
principles. 

The properties of liquids are very important 
in hydraulic applications. They must be thoroughly 
understood in order to under stand the behavior 
of liquids. 

Shapelessness 

Shapelessness is a valuable property of a 
liquid when it is used in a hydraulic system. 
This property permits the liquid to be led through 
a pipe or tube and to be moved by a pressure 
pump, piston, or by gravity. 

Incompressibility is another property which 
is very valuable in hydraulic application. This 
permits work to be accomplished either directly 
or remotely with less loss of motion than can be 
obtained from a purely mechanical system. 

Density 

The term "density" means weight per unit 
of volume. For our purposes, weight will nor¬ 
mally be expressed in pounds per cubic foot or 
cubic inches. For example, fresh water weighs 
62.4 pounds per cubic foot, but oil, being less 
dense, weighs 50 pounds per cubic foot. Using 
water as a standard, the specific gravity of a 
liquid is the number of times a volume of that 
liquid is as heavy as an equal volume of water. 
For example, if a certain type of oil has a specif¬ 
ic gravity of 0.75, it is only three-fourths as 
heavy as an equal volume of water. Specific 
gravity of liquid is found by taking the weight 
of a certain volume of the liquid and dividing 
it by the weight of an equal volume of water. 
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Liquid Head 

At any level, the pressure due to a liquid's 
weight depends upon the vertical height of liquid 
from that level to the surface of the liquid. 
The vertical distance between two horizontal 
levels of a liquid is known as the head of the 
liquid. If the surface in a supply tank is, for 
example, 144 feet above a spigot connected to 
it, the water head is 144 feet. Such a water head 
produces a pressure of 62.4 pounds per square 
inch, because a water column of one inch cross- 
sectional area has a volume of one cubic foot 
if it is 144 feet high. 

ADVANTAGES OF 
HYDRAULIC SYSTEMS 

Hydraulic systems have numerous advantages. 
Of considerable importance is the fact that com¬ 
monly used hydraulic systems are economical to 
operate. Also, since cams, gears, and levers are 
not employed in hydraulic systems, there is 
little, if any, lost motion. The use of fluids such 
as oil reduces the wear on equipment, and it is 
not subject to breakage as are mechanical parts. 
Also, parts of the system can be located at 
different points with little loss of force. Small 
forces can control much larger forces, partially 
because of the ease in transmitting this force. 
Finally, the system, if properly used, provides 
uniform and flexible control, despite variations 
of the load. 

Hydraulic systems also have disadvantages. 
When used as train and elevation power drives, 
these systems must be located on the rotating 
structure of the gun mount, whereas most of the 
amplidyne power drive equipment is located off 
the mount. Hydraulic systems also require hy¬ 
draulic tubing to interconnect components of 
the system. The tubing and other hydraulic 
components tend to clutter up the equipment 
space, causing bottlenecks during upkeep and 
repair. Another disadvantage of hydraulic sys¬ 
tems is fluid leakage, which is almost impos¬ 
sible to prevent and which creates upkeep prob¬ 
lems. 

Hydraulic systems also affect the scope of 
training necessary for equipment maintenance. 
For example, personnel who maintain amplidyne 
power drives need training in electricity, elec¬ 
tronics, and mechanics. Personnel who maintain 
hydraulic systems not only require training in 
electricity, mechanics, and hydraulics, but also 
may require as much training in electronics as 
those who maintain amplidyne power drives. 


FORCES IN HYDRAULIC 
SYSTEMS 

A thorough knowledge of basic hydraulic form¬ 
ulas is essential for understanding of hydraulic 
principles; to more easily gain a working knowl¬ 
edge of these formulas, the following abbreviations 
are provided: 

PSI—Pounds per square inch. 

F — Force. 

A—Area. 

P—Power. 

TF —Total force. 

DM — Distance moved. 

VD—Volume displaced. 

WI—Work input. 

WO—Work output. 


A general rule, based on Pascal's Law, can 
be applied when two pistons are used in a hy¬ 
draulic system. This principle states that the 
force acting on each will be directly proportional 
to its area, and the magnitude of each force will 
be the product of the pressure and its area. 

FORMULAS USED TO SOLVE 
HYDRAULIC PROBLEMS 

a . p = f 4 A 
d • TF = P x A 
C • VD = DM X A 
d • DM = VD t A 

In figure 6-20, the area of the input piston is 
2 square inches and the area of the output piston 
is 20 square inches; therefore, if a force of 20 
pounds is applied to the input piston, it creates 
a total force of 10 psi. ThislOpsi is transmitted, 
in turn, to all sides of the container and to the 
underside of the output piston where a total force 
of 200 pounds is created. 

In figure 6-20, volume and distance factors are 
considered. When the inputpistonwithanareaof 2 
square inches moved 10 inches, the volume dis¬ 
placed by the input piston equals the distance the 
output piston moves, or 20 cubic inches. Hence, 
when two pistons are used in the same hydraulic 
system, another generalization can be drawn. The 
distances moved are inversely proportional to 
their areas. 

Figure 6-21 may be used to solve problems in 
which the desired solutions are: 
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20 LBS. ON 2 SQ. IN. 200 LBS. ON 20 SQ. IN. 



4.7.1 

Figure 6-20. — Total force. 


a. Working pressure, which is pressure in 
pounds per square inch. The formula used 
is F t A = psi. 

b. Total force, which is equal to the product 
of the applied pressure and the area in¬ 
volved and is expressed as TF = P x A. 

c. The mechanical distance moved as related 
to the volume of liquid which is displaced. 
VD t A = DM. Also, the volume displaced 
can be determined by multiplying the dis¬ 
tance moved by the affected area. 

DM x A = VD. 

Figure 6-22 may be used to determine the 
work output of a basic hydraulic system. Work 
input is the applied force multiplied by the dis¬ 
tance moved (WI = F x DM). 

To solve for work output, the total force is 
multiplied by the distance moved (TF xDM == WO). 

When you have a complete knowledge of the 
principles for which these formulas are used, you 
are ready to proceed to the more complex prob¬ 
lems which are experienced in the use of hy¬ 
draulic systems. 

Vacuum 

The terms vacuum and atmospheric pressure 
are used quite frequently in hydraulics. Vacuum 
is a space entirely without matter. Since it is 
difficult to form a perfect vacuum, a partial 
vacuum is used in hydraulics to prime pumps. 


20 LBS. 



4.7.2 

Figure 6-21. — Volume displacement and 
distance moved. 


20 LBS. 



200 IN LBS 200 IN. LBS. 

4.7.3 

Figure 6-22. — Work input and work output. 
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This is done by causing an unbalanced atmospheric 
pressure. 

Atmospheric Pressure 

Atmospheric pressure is the weight of the air 
where we live and is 14.7 psi at sea level. 
Theoretically, by using a combination of partial 
vacuum and atmospheric pressure, water can be 
lifted 34 feet at sea level, but the practical limit 
is approximately 28 feet. Since oil is lighter 
than water, the theoretical distance that it can 
be lifted is 37 feet, although in actual practice 
28 feet is the usual limit. 

LIQUIDS IN MOTION 

A flowing liquid always has two energies 
present: pressure energy, which overcomes fric¬ 
tion, and velocity energy, which completes work 
because of its own work and motion. For example, 
consider a dam that holds back a body of water. 
If a wheel is placed at an outlet and then connected 
to a generator shaft, the liquid will rush out, 
turn the wheel, and cause the generator to gen¬ 
erate electricity. 

Volume of flow is the quantity of liquid that 
will pass a certain point in a given time. While 
volume of flow can be stated in cubic feet per 
minute or gallons per minute, it is usually 
expressed as gpm (gallons per minute). 

Velocity of flow is the rate of speed at which 
a liquid is moving past a particular point, usually 
stated in feet per second (fps). As an area or 
cross section of pipe decreases, the velocity 
of flow increases. When velocity increases, pres¬ 
sure decreases as illustrated in figure 6-23. 

At entrance A, the pressure is 100 psi, but 
in the Venturi, V, the pressure drops to approxi¬ 
mately 50 psi. After the liquid passes through 
point V, the diameter of the pipe gradually 
returns to its normal size, and the gauge at B 
again reads 100 psi. 


100 psi so psi 100 PSI 

PRESSURE PRESSURE PRESSURE 

GAUGE GAUGE GAUGE 



4.7.4 

Figure 6-23. —Pipe venturi. 


A turbulent flow usually results when the 
velocity of flow becomes too great or the passage 
becomes restricted. Turbulence is the effect of 
eddies and whirlpools. Care is taken to minimize 
turbulence in hydraulic systems by using mod¬ 
erate pipe bends and valves designed to offer as 
little resistance to flow as possible. To get a 
smooth or uniform flow in hydraulic systems, 
small streamlined pipes, low velocity of flow, 
and moderate bends are used. 

Some of the factors that govern fluid flow 
are gravity, atmospheric pressure, applied force, 
inertia, and friction. 

Gravity is the force exerted by the earth on 
all objects, tending to pull them to the center of 
the earth. 

Inertia is a term for that property of matter 
by which it will remain at rest or in uniform 
motion in a straight line unless acted upon by 
some external force. 

Atmospheric pressure, which acts on liquids 
either at rest or in motion, acts whenever any 
part of the hydraulic system is exposed to the 
open air. This pressure occurs because air has 
weight, and since oil is a fluid, this pressure is 
exerted equally in all directions as the molecules 
move freely. 

FRICTION 

A force that opposes the motion of one body 
over another is friction. It is due to the irregu¬ 
larities in the contacting surfaces and to the de¬ 
formation of the contact surfaces that is caused 
by pressure. Friction makes the work input to a 
hydraulic system slightly greater than the useful 
work accomplished by it. Hydraulic equipment is 
designed to keep friction at the lowest level by 
maintaining a desirable velocity of flow within 
the system, having clean, smooth pipes, laying 
pipes along the most direct route while avoiding 
sharp bends, and using valves and gauges that in¬ 
terrupt the flow as little as possible. The system 
is so designed that variations from normal op¬ 
eration can be easily detected and remedied. 

When liquid flow in a pipe is suddenly halted 
by a closing valve, the inertia of the liquid causes 
a sudden high pressure. The immediate effect is 
something like a hammer blow Which results in 
clanking sounds. This high pressure can cause 
vibrations that are transmitted throughout the 
system at approximately one mile per second, 
alternately stretching and compressing the pipe. 

The appropriate method to be used in the 
elimination of water hammer in a particular sys¬ 
tem is prescribed in pertinent publications. Me- 


220 


Digitized by 


Google 



Chapter 6 — BASIC MECHANISMS 


thods and procedures found in these publications 
must be strictly followed. 

PROPERTIES OF HYDRAULIC 
FLUID 

In addition to the qualities of incompres¬ 
sibility and fluidity, the following properties 
are necessary to meet the particular requirements 
of modern hydraulic systems. 

A high degree of chemical stability is nec¬ 
essary in a fluid that is subjected to prolonged 
periods of use at high temperatures. Fluids 
may break down if exposed to air, water, salt, 
or other impurities, especially if they are sub¬ 
jected to heat or kept in constant motion. 

An ideal oil would be free from acid and be 
non-corrosive so that the metals used in the sys¬ 
tem would not be adversely affected. 

If the oil is contaminated by impurities (acids, 
sludges, or gums) carbon deposits will form and 
will cause valves and pistons to stick. 

Straight mineral oils do not remain completely 
non-corrosive under severe operating conditions. 

Certain chemical additives or inhibitors are 
often dissolved in an oil to improve its chemical 
and physical behavior. These additives result in 
a fluid with improved characteristics for a limited 
time. Such oil, however, often is subject to more 
rapid deterioration than would have been the case 
if the additive was not used. Additives are nec¬ 
essary in a fluid required to withstand the severe 
conditions encountered aboard ship. 

Pour Point 

Pour point of liquid is the temperature at 
which an oil will congeal or solidify and cease to 
pour. The pour point of a hydraulic fluid used 
should be at least 30°F. lower than the minimum 
temperature to be encountered when using the 
system. A low pour point is normally desired. 
As the pour point is neared by a hydraulic fluid, 
the viscosity of the fluid tends to increase, 
resulting in sluggish operation of the hydraulic 
system. 

Flash Point 

Flash point is the temperature of an oil at 
which the fumes or vapors that are given off will 
ignite or flash. Minimum flash point occurs when 
the vapors will flash, while the maximum flash 
point is reached when they bum steadily. Hy¬ 
draulic fluids must withstand the high operating 


temperatures that are encountered during long 
periods of operation. 

Viscosity and Viscometers 

Vsicosity of a liquid is the resistance to 
flow. This is an inherent characteristic due to 
its physical properties. Fluids which offer high 
resistance to flow are said to have a high 
viscosity, whereas those that flow more easily 
under the same temperature conditions have low 
viscosity. Viscosity increases with a decrease in 
temperature. 

A desirable fluid for cold weather operations 
would be one with a low, flat viscosity. An oil 
has a flat viscosity if a wide variation in temper¬ 
ature produces only a minimum change in resist¬ 
ance to flow. 

A viscometer, is used to determine the vis¬ 
cosity of a fluid. The viscosity index is a numeri¬ 
cal indication of the degree of change in viscosity 
caused by a change in temperature. 

The lower the viscosity index the greater the 
variations in viscosity with changes in tempera¬ 
ture. These variations may range from above 100° 
F. to below 0° F. For example, oil with a vis¬ 
cosity index of 12 shows less change in viscosity 
with changes in temperature than does oil with a 
viscosity index of 10. 


HYDRAULIC MECHANISMS 

Hydraulic mechanisms have a number of 
favorable characteristics. They are smooth and 
flexible in operation, with a uniform action. 
They can efficiently transmit force in any di¬ 
rection or around corners without the need for 
gears, cams, or levers. They can provide a me¬ 
chanical advantage in either linear or rotary 
movements. 

A basic hydraulic mechanisms consists of a 
reservoir, a motor-driven pump, a valve group, 
a hydraulic cylinder (or motor), a series of 
lines, manifolds and associated components. 

The reservoir is a container to hold the 
necessary supply of hydraulic fluid for operation 
of the system. When the system is in operation, 
hydraulic fluid leaves and returns through the 
reservoir outlet and inlet lines. 

The pump is the heart of the hydraulic system. 
A pump draws hydraulic fluid from the reservoir, 
circulates it through the system and returns 
it to the reservoir. 


221 


Digitized by 


Google 




GUNNER'S MATE G 3 & 2 


A valve is a control that governs the quantity, 
pressure, or direction of fluid flow. A typical 
hydraulic system uses several types of valves. 

A hydraulic cylinder converts hydraulic energy 
supplied by the pump into linear mechanical 
motion; a hydraulic motor converts hydraulic 
energy into rotary mechanical motion. 

The various lines and manifolds connect the 
components of a hydraulic system for distribution 
of the hydraulic fluid. 

ORIFICES 

An orifice is a constriction in a fluid passage 
limiting and regulating the flow rate. Because of 
their inherent damping effect, orifices also ate 
used to minimize pulsations of shock waves in the 
hydraulic system. 

The most common type of orifice is simply a 
small hole joining two fluid passages. Often an 
orifice, is drilled through a threaded plug that is 
screwed into an opening between the fluid pas¬ 
sages. Thus, by inserting plugs with different 
sized orifices, the flow can be changed. 

Another frequently used orifice is the spiral 
orifice. This type has a spiral groove around the 
circumference of a rod-like plug and the plug 
is snugly fitted into the bore of a fluid passage. 
Since the flow of hydraulic fluid must follow the 
spiral groove, the groove's dimension (including 
effective length and contour) determines the flow 
rate. 

VALVES 




33.54.1 

Figure 6-24. —Check valve. 


Valves may be operated in a number of ways— 
manually, mechanically, electrically, pneumat¬ 
ically, or hydraulically. Some valves can be op¬ 
erated in more than one way. 

Check Valves 

Check valves (fig. 6-24), commonly used 
throughout the ordnance system, allow fluid to 
flow in one direction only. Basically a check 
valve consists of a spring-loaded plunger and 
a valve seat. The spring is relatively weak and 
merely helps seat the plunger (close the valve) 
when flow ceases. The hydraulic fluid, moving in 
the direction of the arrow (fig. 6-24) lifts the 
plunger (opens the valve), permitting unrestricted 
passage of the fluid. The fluid cannot flow in the 
reverse direction, because it would close the valve 
(check the flow). A check valve is sometimes 
called a directional valve. 


Relief Valves 

Relief valves protect hydraulic systems 
against excessive pressure. If an abnormally high 
pressure develops, these valves open to bypass 
fluid before the pressure buildup can endanger the 
system. A simple relief valve (fig. 6-25) consists 
of a spring-loaded plunger or ball and a valve 
seat. When the pres sure within the system reaches 
a predetermined value, the spring compresses 
and the valve bypasses fluid-usually back to the 
tank. The bypass pressure setting of the valve 
may be changed by varying the spring tension by 
means of the adjustment screw. 

Compound Relief Valve 

A compound relief valve commonly used in 
ordnance equipment is the Northern duplex (Dixie). 
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This valve is installed between two transmission 
lines. It can control two transmission lines and 
usually is installed in the valve plate or midplate. 

The theory of operation of this valve is based 
on a differential in area. As shown in figure 6-26, 
this valve employs a pilot valve, main valve, and 
a double-ball check valve. The double-ball check 
valve allows this pilot valve to be used with 
alternating transmission lines. The area at the 
bottom of the main valve is one half the size of the 
area on the top of the main valve. Drilled pas¬ 
sages within the main valve allow fluid to pass 
through the pilot valve to the top of the main 
valve. The movement of the pilot vive limits the 
pressure on top of the main valve and is adjusted 
for one-half of the desired pressure in the 
transmission line. 

When the system is started and pressure in¬ 
creases to one-half of the system pressure, the 
pilot valve moves in such a way that it blocks 
the groove that leads from the double ball check 
valve. This results in the system pressure being 
cut off. A volume of oil is also trapped above the 
main valve and beneath the pilot valve. This 
causes a hydraulic block above the main valve. 
The only way the main valve can move from its 
seat at this time is by the pilot valve moving 
upward and vacating space below it. This permits 
the main valve to move up and occupy the space 
vacated by the oil that moved to the bottom of 
the pilot valve. 

When the pressure in the system exceeds the 
desired pressure, the excess pressure is trans¬ 
mitted to the top of the main valve and below 
the pilot valve. This action causes the pilot 


valve to move up, compressing its spring and 
allowing the oil to move from above the main 
valve to the bottom of the pilot valve. Now the 
main valve can move up and dump the excess 
volume into the return line. 

When pressure drops below the desired value, 
the pilot valve spring forces the pilot valve down, 
to move the volume of oil back to the top of the 
main valve. The area differential on top of the 
main valve causes it to return to its seat. 

Because it is necessary to remove the cover 
from the top of the housing to turn the adjusting 
screw on the pilot valve, this valve is adjusted 
by the trial-and-error method. Remember that 
the pilot valve spring is adjusted to a value of 
one-half the required pressure in the trans¬ 
mission lines. Since the setting on this valve is 
determined by trial and error, it may be helpful 
to know that one complete turn of the adjusting 
screw in either direction will decrease or in¬ 
crease the pressure approximately 132 psi. 

Figure 6-26 illustrates how the component 
parts of the relief valve are situated to provide 
a smooth relief action and to protect the hy¬ 
draulic system from excessive pressure. 



84.20 

Figure 6-26.— Northern duplex relief valve. 
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Directional Valves 

The valves previously described limit either 
the pressure or the flow of hydraulic fluid. A 
directional valve, as the name implies, directs 
the flow of fluid. 

A directional valve may be operated hy¬ 
draulically (by force differentials set upon op¬ 
posite sides of its movable part) or by manual, 
electrical, or mechanical means. Sometimes two 
or more methods are used. The two most common 
types of directional valves are the rotary and the 
spool type. Rotary valves are frequently used to 
direct the flow of hydraulic fluid to other valves 
(fig. 6-27). 

By rotating the core of a rotary valve, hy¬ 
draulic fluid can be discharged through either 
of two parts. The roatry valve shown in figure 
6-27 is an open center type with two cross 
passages. One is indicated by the dotted line in 
figure 6-27. 

Spool-type valves have many uses in a hy¬ 
draulic system. Figures 6-27 and 6-28 show a 
simple spool-type, four-way valve, but many 
valves of this type have more complex designs. 
Spool valves with additional lands and a spring, 
or even two spools in the same valve sleeve, are 
not uncommon. The spool valve shown in figure 
6-27 is hydraulically operated. When hydraulic 
pressure is ported to one end of the spool, hy¬ 


ROTARY VALVE SPOOL VALVE 



84.21 

Figure 6-27.—Directional valves. 


draulic fluid at the opposite end drains into the 
tank. 

With hydraulic fluid ported to the left end of 
the spool, the resultant pressure differential 
causes the spool to shift to the right. With the 
spool shifted to the right, pressure fluid from 
the pump passes out through port A, while dis¬ 
charge fluid from the pump passes out through 
port B. If the rotary valve is positioned to direct 
the hydraulic fluid against the right end of the 
spool, the spool shifts to the left (fig. 6-28). Now 
pressure fluid passes out through port B while 
port A acts as the return to the reservoir. By 
changing the flow direction in this manner, the 
movements of associated hydraulic components 
can be reversed. 

Pilot Valves 

Pilot valves govern the actions of other valves, 
but the term “pilot valve” does not designate a 
valve design or type. This term simply designates 
the specific use of a valve. For example, a 
compound relief valve incorporates a pilot valve to 
control opening and closing actions. Similarly, a 
rotary valve serves as a pilot valve to control 
the position of a spool-type directional valve. 
Valves that serve as pilot valves vary, not only 
in type and design but also in method of operation. 
Electricity operated pilot valves, called solenoid 


ROTARY VALVE sp00| _ VA| _ VE 



84.22 

Figure 6-28. —Spool valve reversed. 
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84.23 

Figure 6-29. —Solenoid valve assembly. 


valves, are frequently used to position other 
valves. ‘Solenoid operated valves are also used 
for other purposes, such as dump valves. The 
solenoid valve in figure 6-29 is relatively small, 
yet it has sufficient capacity to shift a larger 
hydraulically operated valve. The larger valve, 
in turn supplies pressure fluid to associated work¬ 
ing components. Two solenoids operate the solen¬ 
oid valve plunger. The valve plunger is connected 
to a counterweight arm that is splined to the 
solenoid shaft. A rocker arm, linked to the core 
rods of both solenoids is also splined to the 
solenoid shaft. When solenoid No. 1 is energized 
the valve plunger shifts up; when solenoid No. 2 
is energized, the valve plunger shifts down. As 
shown in figure 6-29, some solenoid valve as¬ 
semblies have a third solenoid. In these applica¬ 
tions, a detent holds the valve plunger in the 
shifted position, and the third solenoid is used to 
release the detent, thereupon, the valve plunger 
spring returns to the natural position. 

HYDRAULIC PUMPS 

A pump is a mechanism that uses an external 
source of power to apply force to a fluid. All 
pumps in open hydraulic systems take advantage 


of the fact that the earth’s atmosphere, a gaseous 
fluid, exerts a static pressure whose existence 
becomes noticeable whenever a partial vacuum is 
created. 

Anybody who drinks through a straw is making 
use of this phenomenon. By sucking on the 
straw, he creates a partial vacuum. Atmospheric 
pressure, acting on the liquid in the tumbler 
forces enough of it up the straw to the partial 
vacuum. 

In a common hand pump, figure 6-30, the 
lever-type pump handle is joined to a piston rod 
with a simple upward-opening check valve (num¬ 
bered 1) in the piston. The downstroke of the 
piston applies pressure to the water in the pump, 
opening valve 1 and closing another check valve 
(numbered 2) at the base of the pump. 

On the up stroke of the piston, pressure is 
reduced, and a partial vacuum is created, in the 
area between the two valves. Valve 1 closes. 
Atmospheric pressure in the well forces water \q> 
the pipe. The upward thrust of the water opens 
valve 2 but is not strong enough to open valve 1 
as long as the piston continues to rise. The 
excess water thus drawn into the pump flows 
from the spout. 

There is a great difference in structure, 
though not in fundamental operating principle, 
between the simple hand pump in figure 6-30 and 
the Waterbury constant-speed, axial-piston, 
variable-delivery pump that constitutes the A-end 
of a gun’s electric-hydraulic train or elevation 
power drive. The summary below will prepare the 
way for the description of the A-end. 

Types of Action 

Pumps that are designed to perform work 
operations are installed as integral parts of 
closed hydraulic systems in which fluid from 
a reservoir is repeatedly circulated by pump 
action. 

Pumps used in ordnance hydraulic equipment 
are divided into two main classes, the recip¬ 
rocating and the rotary type. 

RECIPROCATING PUMPS. —The reciprocat¬ 
ing pump (so called because its parts must 
reciprocate, or move back and forth, to function) 
was the earliest type to be used in hydraulic 
systems. Most reciprocating pumps consists 
fundamentally of a piston that moves back and 
forth in a cylinder fitted with a check valve. The 
valves open and close ports to a source erf liquid 
and to a work area. Figure 6-31 shows an ele¬ 
mentary reciprocating pump. By pushing the pis¬ 
ton to the right the hydraulic pressure in the 
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Figure 6-30. — How a simple hand pump operates. 


cylinder is increased. This action closes the 
inlet port and opens the outlet port permitting 
the fluid to flow to the work area. Figure 6-31A 
shows how this is done, when the piston is moved 
to the right hydraulic pressure acts on both of 
the check valves, the check valve in the outlet 
port is pushed up, thus, allowing hydraulic fluid 
to pass around the check valve and into the 
work area. At the same time the check valve 
in the inlet port is pushed down blocking the port 
from the reservoir. When the piston is moved 
to the left (part B of fig. 6-31) the pressure 
in the cylinder drops and the outlet check valve 
closes the port to the cylinder. This action 
holds hydraulic fluid in the work area. The inlet 
check valve now opens, permitting the fluid in the 
reservoir to fill the cylinder. By positioning the 
valve back and forth left to right a pumping action 
is created. This type pump can be found in the 
Ford power drive on 5/38 twin mounts and func¬ 
tions as a sump pump and oscillator. 


ROTARY PUMPS. — Rotary pumps have oper¬ 
ating parts that revolve to exert force on fluids. 
Figure 6-32 shows a simple gear-type rotary 
pump. They are used for many purposes in 
ordnance hydraulic equipment. They are found 
in the rammer assembly in the 5/38 gun mount 
and also are used as auxiliary pumps to supply 
servo and supercharge pressures in a hydraulic 
transmission. 

The rotary pump did not come into general 
use until the electric motor became common. 
Electric motors are ideally adapted to drive 
rotary pumps, since it is necessary only to 
couple two rotating shafts. All the pumps you 
encounter in ordnance hydraulic mechanisms 
are powered by electric motors. Rotary pumps 
come in all sorts of shapes and sizes, and with 
all sorts of designs. We will study only two types 
commonly used in ordnance hydraulic systems. 
First we explain the rotary gear pump and then 
we take up the rotary vane type pump. 
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A rotary gear pump essentially consists of 
a pair of meshing gears in a close-fitting housing 
fitted with intake and outlet openings for coupling 
to tube or pipe. The drive shaft of the power 
source is coupled to one of the gears, which, 
in turn, drives the other. (See part A of fig. 
6-32.) In operation, liquid passes from the inlet 
side, between the gear teeth and the housing, to 
the outlet side, as shown in part B of figure 6-32. 
Because of the close contact between the two 
gears, no liquid can leak back to the inlet side 
between the meshing teeth. 

In considering the discharge of any pump, it’s 
important to remember from Pascal's Law that 
liquids transmit pressure in ALL directions. 
Because of this, any pressure in the discharge 
line is exerted not only forward in the line but 
also back toward the gears. This back pressure 
causes: 

1. THRUST tending to distort and displace 
the gears. This back thrust, in turn, causes in¬ 
creased wear. (See fig. 6-33.) 



Figure 6-31. — Elementary reciprocating pump. 


2. SLIP, or leakage within the pump itself, 
with consequent loss in efficiency. (Seefig. 6-33.) 
It's because of slip that pump efficiency goes 
down somewhat with increased output pressures. 

To overcome the effects of this backpressure, 
Northern nitralloy pumps are ruggedly construct¬ 
ed of hardened metals. In this way they can with¬ 
stand the rigors of their normal loads and 
maintain the very close clearances required to 
minimize slip. 

Basically, the Northern nitralloy series 4000 
gear pump consists of a housing of five hardened 
alloy steel sections (shown in part A of fig. 6-34), 
accurately machined and ground, and bolted 
together by four long bolts running through all the 
sections. The center block, or CYLINDER PLATE, 



84.25 

Figure 6-32. — Elementary gear pump. 
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84.26 

Figure 6-33. —Back thrust and slip. 


forms the housing fcfr the gears. (See part B of 
fig. 6-34.) On each side of the cylinder plate 
are mounted the BEARING PLATES, which house 
the bearings on which the gear shafts rotate. 
Completing the normal assembly of this pump 
are two END PLATES. The one that receives the 
drive shaft contains the packing. 

You’ll generally find Northern pumps of this 
type in rammers (particularly in 5-inch mounts) 
and hoists. In these applications, the plain end 
plates illustrated in figure 6-34 are replaced 
by plates that incorporate mounting brackets or 
valve blocks necessary for the mechanism in which 
the pump is employed. Because of its sectional 
constructional feature, the pump is very versatile 
and relatively easy to assemble and disassemble. 

Three types of gears may be used in the North¬ 
ern nitralloy series 4000 pump: SPUR, HELICAL, 
and HERRINGBONE. Figure 6-35 shows these 
types. The spur type has one disadvantage: at 
high speeds and pressures some liquid is carried 
between the meshing teeth, forcing the gears 
apart. For this reason, spur-gear pumps are 
generally used only at low speeds and pressures. 
The helical (with slanting teeth) and herringbone 
(double helical with teeth meeting in herringbone 
pattern) types do not have this drawback, because 
the teeth mesh gradually, forcing the trapped liquid 
out one side (in helical gears) or both sides 
(in herringbone). 

A couple of hundred years ago, Sir Isaac 
Newton, the famous British mathematician, form¬ 
ulated three Laws of Motion to explain the be¬ 


havior of matter. The second of these three laws 

states: 

“A body at rest tends to remain at rest, and 
a body in motion tends to continue in motion 
with the same velocity and in the same direction.” 

Or in other words, once you set something in 
motion, it tries to keep going straight along at 
the same speed. 

Now, suppose we try a little experiment. Take 
a shallow basin, and fill it about half full of water. 
With your hand, whirl the water around. You'll 
notice that the water banks up around the sides 
of the basin, leaving the center low, or even 
waterless. And, if you whirl the water hard 
enough, it will splash over the side. 

According to the Newtonian Law that we've 
just stated, the water tends to move in a straight 
line when it's pushed. However, the sides of the 
basin hold it in, forcing it to follow a circular 
path. Because the water tends to go straight, it 
exerts force outward, so that if you push it hard 
enough it will mount the sides of the basin and 
spill over. This outward-tending force is what 
we call CENTRIFUGAL (Latin for CENTER- 
FLEEING) force. The greater the rate of rotation, 
the greater this force becomes. 

In a centrifugal pump, you have instead of 
your hand, a set of paddles or blades (the 
IMPELLER), which whirls the water around. For 
reasons of design, which we won't go into here, 
the impeller blades are curved. Instead of the 
basin, you have a completely enclosed casing 
of special shape, the VOLUTE. The pump's outlet 
is at the outside edge of the casing. The inlet is 
through the center, or EYE. 

When the pump operates, liquid enters the 
pump through the eye and is whirled around in 
the pump chamber by the rotation of the impeller. 
Centrifugal force drives the liquid directly out¬ 
ward from the center, setting up a greater pres¬ 
sure at the outer edge of the chamber than at the 
eye. At the same time the liquid is also pushed 
around and around in the pump by the turning of 
the blades, and is given more and more velocity 
as it moves farther out from the eye. As the 
liquid finally escapes into the discharge, it 
slows down, and, in effect, its velocity is con¬ 
verted into liquid pressure or head. 

The rotary pumps we have studied up to 
this point have all depended for their operation 
on the meshing of two gears or lobes. Even the 
internal-gear pumps work on this principle, 
with the two gears one inside the other. The 
Vickers balanced-vane pump is different. It has 
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Figure 6-34. — Construction of Northern nitralloy series 4000 gear pump. 


only one rotating part, rather than two, and no 
gears at all. 

You'll find rotary-vane pumps rather widely 
used in ordnance hydraulic systems, from 5- 
inch Vickers rammers and ammunition hoists to 
16-inch projectile rings, elevating power drives, 
and powder hoists. 

The basic construction of the Vickers balanc¬ 
ed-vane pump is very simple indeed (fig. 6-36). 
Mounted on the drive shaft is the ROTOR, a 
cylindrical block of steel with 12 evenly spaced 


slots accurately machined in it. Snugly fitted 
into these slots are 12 vanes, which are blades 
of hardened steel. Though the vanes are not 
loose enough to rattle around, they are free to 
move in and out of the slots. The vanes have a 
beveled edge and a square-cut edge, and they 
are assembled in the rotor with the beveled 
edge trailing. 

Surrounding the rotor is the hardened and 
ground RING, which is elliptical or oval in shape. 


229 


Digitized by v^,ooQle 


























GUNNER'S MATE G 3 & 2 


SPUR HELICAL 



84.27 

Figure 6-35. —Three types of gears may be used 
in the Northern nitralloy series 4000 pump. 


The ring, in turn, is enclosed by the pump's 
outer case or HOUSING. 

The sides of the pump are enclosed by two 
VALVE PLATE BUSHINGS, in whose sides are 
cut the intake and discharge ports. 

Now as the rotor revolves at the pump's 
normal operating speed (1,200 rpm), what hap¬ 
pens? 

As you can guess, centrifugal force comes 
into the picture and the vanes in the rotor 
immediately try to fly out. Of course, the vanes 
can't actually get far, because they're confined 
by the elliptical ring. But, under the thrust of 
centrifugal force, they push hard against the 
inside surface of the ring, and can form an 
oil-tight seal. As the rotor turns, the vanes re¬ 
main in contact and follow the contour of the ring, 
sliding out of and into the rotor. 

The ring's contour permits the vanes at the top 
and bottom to extend further than at the sides, 
where they are held all the way in. Thus, the 
vanes divide the space between rotor and ring 
into little spaces or chambers that change in 
size as the rotor turns. Figure 6-37 shows how 
the chambers expand as the rotor turns from A 
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Figure 6-36. — Vickers balanced-vane pump 
(cutaway and exploded views). 


to B, then contract as they approach C, and so 
on around the ring. 

In the vane pump, as in the gear pumps we've 
studied, the ordnance hydraulics designer must 
take into account not only the flow of fluid through 
the pump but also the pressure relationships. 
And analysis will show that when the pump, as 
we have so far described it, is in operation, 
there is a heavy thrust on the discharge side 
and a lesser, but still considerable, thrust on 
the inlet side. Since these thrusts are unbalanced, 
they can strain bearings and distort the pump 
housing. The thing to do with unbalanced pres sure 
or thrusts is to balance them. 

This balancing is done in the vane pump not 
by using balancing lines, but by putting the 
WHOLE pump to work, instead of only the upper 
half that you saw in figure 6-38. 

A. Therefore, since the pump chambers ex¬ 
pand and contract twice during each rotation, 
the pump has two intake and two discharge ports 
cut into the valve-plate bushings that cover each 
of its sides. The discharge and intake ports 
are paired, and the passages connecting the 
ports to their proper lines are arranged as in 
figure 6-38. 
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Figure 6-37. —How the chambers expand and 
contract in the balanced-gear vane pump. 


B. In the actual pump these passages are not 
separate tubes, as the figure shows them, but are 
cut into the pump housing. 

The discharge ports are equal in area and 
under equal fluid pressure. The intake ports 
are similarly equal in area and fluid pressure. 
It logically follows, then, that the discharge 
sections on opposite sides of the pump exert 
equal balanced thrusts, as do the intake sections 
(though the thrust at each intake is much smaller). 
We have, as a result, all the thrusts balancing 
out, regardless of pressures in the intake and 
discharge lines (fig. 6-39). 

When you closely examine the valve-plate 
bushings, you will notice two grooves or pas¬ 
sages leading from each discharge port to tiny 
holes that pierce the bushing (fig. 6-40). 

A. Tracing the flow of oil through these 
holes, you find that it goes to a shallow annular 
(ring-shaped) recess or depression around the 
rotor, thence to the pinhead-shaped openings 
at the bottom of each vane slot (fig. 6-40). 

B. (In actuality, the valve-plate bushing closely 
fits against the ring; in the figure it has been 
separated from the ring in order to show the path 
of flow.) 

Since the vanes, though close fitting, must move 
in and out of their grooves twice during each 
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Figure 6-38. —Balanced-vane pump: intake 
and discharge. 


revolution of the motor (and it rotates at approxi¬ 
mately 1,200 rpm at normal speed) one purpose 
of this arrangement should be obvious. It's a 
forced self-lubrication system. It has another 
purpose too; The full output pressure of the pump 
is exerted at the base of every vane, helping 
centrifugal force to hold it outward against the 
ring. Pumps can be grouped according to whether 
they discharge liquid in volumes separated by a 
period of no discharge (positive displacement), 
or in a continuous flow (non-positive displace¬ 
ment). In addition, pumps can be classified ac¬ 
cording to whether or not the quantity of liquid 
discharged by the pump can be varied without 
changing the speed of rotation of the source 
of power (variable or constant delivery). 

POSITIVE AND NON-POSITIVE DISPLACE¬ 
MENT.—A positive displacement pump is one in 
which a definite volume of liquid is delivered for 
each cycle of pump operation, regardless of the 
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Figure 6-39. — Balancing of forces in Vickers 
balanced-vane pump. 


resistance offered, provided the capacity of the 
power unit driving the pump is not exceeded. A 
non-positive displacement pump is one in which 
the volume of liquid delivered for each cycle 
is dependent upon the volume of liquid delivered 
for each cycle is dependent upon the resistance 
offered to flow. This type of pump produces a 
force on the liquid that is constant for each 
particular speed of the pump. Resistance in the 
discharge line produces a force in the opposite 
direction. When these forces are equal, the 
liquid is in a state of equilibrium and does not 
flow. 

If the outlet of a positive displacement pump 
is completely closed, either the unit driving 
the pump will be stalled or something will 
break. If the same thing is done to a non-positive 
displacement pump, the discharge pressure will 
rise to a maximum for that type of pump oper¬ 
ating at that speed. Nothing more will happen 
except that the pump will churn the liquid and 
produce heat. 

Positive displacement pumps deliver liquid 
in separate volumes, with no delivery in between, 
although a pump having many chambers may 
have an overlapping delivery which minimizes 
this effect. Non-positive displacement pumps 
deliver a practically continuous even flow for 
any given set of conditions of speed and resist¬ 
ance. 

For every back and forth motion of the piston 
in the pump shown in Figure 6-31, a complete 
cylinder of liquid will be delivered to the outlet 
while the piston is moving to the right on the dis- 



84.32 

Figure 6-40. —Balanced-vane pump. Forced 
self-lubrication system. 


charge stroke. Nothing at all will be delivered 
while the piston is moving to the left, on its 
suction stroke. If the outlet were completely 
blocked, as by a shut-off valve, it would be 
impossible to move the piston to the right 
because of the virtual incompressibility of the 
liquid filling the chamber. If sufficient force 
were applied to the piston, the pressure in the 
chamber would rise until finally something would 
break. 

Obviously this single chamber pump would give 
a badly pulsating delivery. In the rotary pump 
shown in Figure 6-32, where each of the spaces 
between the teeth of the gears is apump chamber, 
delivery will overlap so that a more nearly con¬ 
stant flow will be obtained. Another method of 
reducing the pulsation is to provide an air 
chamber near the pump outlet to damp the pul¬ 
sations, but there is always some pulsatory effect 
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with positive displacement pumps. Pulsations are 
objectionable because they cause jerky movements 
in driven mechanisms and set up vibrations in 
the whole system. 

For the centrifugal pump, the liquid is not 
broken up into isolated volumes to be delivered 
one by one, but a pressure differential is created 
in the solid stream by the rotary and sweeping 
action of the impeller so that a smooth continuous 
flow results. 

Reciprocating and rotary pumps of necessity 
are positive displacement pumps, while jet, cent¬ 
rifugal, propeller and mixed flow pumps of nec¬ 
essity are non-positive displacement pumps. 

Types of Discharge 

All pumps will deliver liquids at different 
volume rates if run at different speeds. It is 
not practical to vary the speed with ordinary 
positive displacement pumps, although these 
pumps can be especially constructed to deliver 
different volumes of liquid while being run at the 
same speed. They can be constructed, that is, to 
give constant or variable delivery for each cycle 
so that volumes of delivery can be obtained 
without changing the operating speed of the pump. 

This is managed with reciprocating pumps by 
altering the length of the work stroke of the piston. 
Thus in Figure 6-31, each discharge stroke of 
the piston might displace 200 cubic inches of 
liquid, but the distance the piston travels might 
be shortened to give a stroke which would dis¬ 
place only 180 cubic inches. This would cut the 
volume of delivery 10 percent without altering 
the speed. 

Gear type rotary pumps are not normally 
constructed to give variable delivery at constant 
speeds. 

Centrifugal pumps deliver different volumes of 
liquid while running at a constant speed, since the 
volume of discharge varies with the head against 
which the liquid must be discharged. 


CAB HYDRAULIC 
TRANSMISSION 

A hydraulic transmission is a combination 
of a hydraulic pump (A-end) and a hydraulic 
motor (B-end). The term CAB unit means Com¬ 
bination A and B ends. It is a variable-speed, 
bi-directional hydraulic transmission. In opera¬ 
tion, a constant-speed electric motor drives the 
A-end, the A-end supplies hydraulic fluid to the 


B-end, and the B-end converts fluid flow into 
rotary movement. 

The (A-end) unit is a variable-displacement, 
reversible-delivery pump, the speed and direction 
of B-ends' rotation depends upon the volume and 
direction of the hydraulic fluid supplied by the 
A-end unit. By regulating the output of the A-end, 
smooth and controlled acceleration of the B-ends 
output shaft is possible in either a clockwise or 
counterclockwise direction. 

The following components are basic to all 
CAB hydraulic transmissions. 

1. A constant-speed electric motor that drives 
the A-end pump and the auxiliary dual gear pump. 

2. An A-end axial-piston pump with a vari¬ 
able tilt plate to supply hydraulic fluid to the 
B-end. 

3. A B-end hydraulic motor that converts the 
flow of hydraulic fluid into rotary motion. 

4. A valve plate to connect the A-end to the 
B-end. 

5. A safety relief valve to regulate pressures 
between the A and B-ends, and to port replenish¬ 
ing fluid for that lost through slippage. 

6. An auxiliary dual gear pump to supply 
"supercharge” and ’’servo” fluid pressures. 

Each of the above listed components are dis¬ 
cussed in detail with the exception of the electric¬ 
al motor. We will start off with the A-end unit. 

A-END COMPONENTS 

The A-End is a reciprocating pump which has 
nine pistons, a cylinder barrel, a rotating socket 
plate, a valve plate and a universal joint. The 
A-end axial piston pump has a variable delivery 
output, whereas a conventional axial piston pump 
has a constant-delivery output (The A-end pump 
has an adjustable tilt plate; the regular axial- 
delivery pump has fixed tilt plate). In an A-end 
unit the connecting rods that operate the axial 
pistons are attached to a socket ring, and the 
socket ring (driven by an electric motor) turns 
within the non-rotating tilt plate. The tilt plate 
is positioned by two stroking pistons. 

In axial piston pumps, a cylinder block with 
its pistons is rotated on a shaft in such a way 
that the pistons are driven back and forth in 
their cylinders in a direction parallel to the 
shaft. This is called axial 'motion. Liquid is 
forced into the cylinders by pressure difference 
while the pistons are moving outwards, and is 
driven out by the pistons while they are moving 
inwards. This pumping action is made possible 
by a universal joint. To explain how the joint 
works we shall begin by constructing step by 
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Figure 6-41. —Basic universal joint. 


step the Williams universal joint and then explain 
the principles of the Bendix-Weiss universal. 

Williams Universal Joint 

Let us install a rocker arm on a horizontal 
shaft (part A fig. 6-41). The arm is joined to 
the shaft by a pin in such a way that it can be 
swung back and forth. Next we place a ring 
around the shaft and pin it to the rocker arm so 
that the ring can turn from left to right as shown 
in figure 6-41, Part B. We can now get two 
rotary motions in different planes at the same 
time, and in varying proportions as may be 
desired. The rocker arm can swing back and 
forth in one arc, and the ring can simultaneously 
move from left to right in another arc, in a 
plane at right angles to the plane in which the 
rocker arm moves. 

Now let us add a tilting plate to our assembly 
(part C). For the time being let the tilting plate 
stand at a slant to the axis of the shaft. In this 
position the rocker arm is slanted back at the 
same angle as the tilting plate, so that it lies 


parallel to it. The ring is also parallel to the 
tilting plate and in contact with it. Its position 
in relation to the rocker arm is unchanged from 
that shown in part B. 

Now let us keep the shaft horizontal and rotate 
it in a clockwise direction through a quarter of 
a turn, to the position shown in part D. The rocker 
arm is still in the same plane as the tilting 
plate, and is now perpendicular to the axis of 
the shaft. The ring has turned on the rocker arm 
pins, so that it has changed its position in re¬ 
lation to the rocker arm, but it remains par¬ 
allel to, and in contact with, the tilting plate. 

Now let us rotate the shaft another quarter 
turn, as shown in part E. The parts are now in 
the position shown in part C, but with the ends 
of the rocker arm reversed. The ring still 
bears against the tilting plate. 

If we continue to rotate the shaft, the rocker 
arm and the ring will turn about their pivots, 
with each changing its relation to the other, and 
with the ring always bearing against the plate. 
This will be so even if we change, within limits, 
the angle of the plate. 

Now let us go a step farther and place a 
wheel upright on the shaft, as shown in part F 
of figure 6-41. The wheel is fixed to the shaft, 
so that it rotates with the shaft. Let us also 
add two rods A and B, loosely connected to the 
tilting ring, and running through two holes stand¬ 
ing opposite to each other in the fixed wheel. As 
the shaft is rotated, the fixed wheel runs per¬ 
pendicular to the Shaft at all times. The tilting 
ring rotates with the shaft and always remains 
tilted, since it stays in contact with the tilting 
plate. We can see from the diagram that the 
distance along shaft A, from the tilting ring 
to the fixed wheel, is greater than the distance 
along shaft B. As we rotate the assembly, how¬ 
ever, the distance along shaft A decreases as 
its point of attachment to the tilting ring comes 
closer to the fixed wheel, while the distance 
along shaft B increases. These changes continue 
until after a half revolution the initial position of 
the two rods are reversed. After another half 
revolution the two rods will again be in their 
original positions. 

From this we can see that the rods are moved 
in and out through the holes in the fixed wheel 
as the assembly rotates. This is the way the 
axial piston pump works. To get a pumping action, 
it is only necessary to place pistons at the ends 
of the rods, beyond the fixed wheel, and insert 
them in cylinders. The rods must be connected to 
the pistons and to the wheel by ball and socket 
joints. As the assembly rotates, each piston 
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moves back and forth in its cylinder. Intake 
and discharge pipes can be arranged so that 
liquid enters the cylinders while the spaces be¬ 
tween the piston heads and the bases of the 
cylinders are increasing, and leaves them during 
the other half of each revolution, when the piston 
heads are moving in the other direction. 

Reference to Part F of figure 6-41 will make 
it clear that the distance the pistons move back 
and forth in their cylinders depends on the tilt 
given to the tilting box. With no tilt at all, no 
pumping action would occur, since the pistons 
would not move back and forth at all. The dis¬ 
tances A and B in part F would be equal, and 
would remain equal as the assembly rotates. 
If the angle of tilt given to the tilting box were 
reversed, making distance A less than distance 
B, the pumping action would be reversed. What 
had been the discharge would now become the 
intake, and vice versa. By adding a mechanism 
to control the angle at which the tilting box 
stands, any variation in delivery can be obtained 
from a maximum in one direction through zero 
delivery to a maximum in the opposite direction 
although the drive shaft continues to rotate at 
a constant speed. 

Bendix-Weiss Universal 

The Bendix-Weiss universal joint is used with 
many of the axial piston pumps in todays ordnance 
equipment. This joint is based upon a geometrical 
principle which must be understood in order to 
grasp how the joint works. Figure 6-42 shows a 
drive shaft and a driven shaft standing at an 
angle to each other. Let us suppose that the drive 
shaft rotates the driven shaft through a pair of 
fingers set around a ball X. This ball carries 
the load of rotation in such a way that angle A 
is equal to angle B. As the drive shaft rotates 
in the direction shown, X will move in the same 
direction in a circular path, always keeping angle 
A equal to angle B. After a complete revolution 
of the shaft it will have returned to the original 
position. Since angle A has been kept equal to 
angle B, the driven shaft will rotate at exactly the 
speed of the drive shaft. 

An arrangement which accomplishes this re¬ 
sult is used in the Bendix-Weiss universal joint. 
The force of rotation is carried by a pair of 
balls which move back and forth in specially 
shaped runways or races as the drive shaft ro¬ 
tates. The races are given such a shape that the 
balls always remain in a single plane as they 
move back and forth in their races. Angle A will 
always equal angle B as the drive shaft rotates. 



84.34 

Figure 6-42. — Geometrical principle. 


just as in Figure 6-42, and the units connected 
by the joint will therefore rotate at the same 
speed. 

Four carbide balls, free to shift along four 
races (one in each quadrant. Figures 6-43 and 
6-44), carry the rotational forces. The faces 
for these ball races are machined into the jaw 
for the socket ring and the hub for the universal 
joint. 

The four balls always shift together in a 
common plane (Figure 6-45). Moreover, as the 
socket ring shifts in angle or direction, the 
balls automatically assume a new plane for 
accurate transmission of rotational movements. 
In operation, one pair of balls carries the clock¬ 
wise torque; the other pair carries the counter¬ 
clockwise torque. 

Although the hub of the universal joint is 
keyed to the drive shaft, it is not rigidly attached. 
As shown in Figure 6-46, four rectangular 
projections of the hub engage cutouts in the 
drive shaft for a positive transmission of torque, 
and the two pilot keys for each slot provide a 
snug fit, yet allow slight flexing movements. 

Cylinder Barrel 

The cylinder barrel (fig. 6-47) is also driven 
by the A-end drive shaft, and accordingly rotates 
at the same velocity as the socket ring. The 
barrel has nine cylinder bores for the axial 
pistons of the A-end, and the head of each bore 
has a slot-shaped port. As the cylinder barrel 
rotates, fluid passes through these ports as they 
align with the two crescent-shaped ports in the 
stationary valve plate. 

The cylinder barrel is loosely keyed to a 
drive sleeve to permit full contact between the 
mating faces of the barrel and the valve plate. 
Two keys, 180 degrees apart around the cir- 
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Figure 6-43. — Exploded view of Bendix-Weiss universal joint. 



assembly. 


cumference of the drive shaft, serve as lock 
guides for the cylinder barrel. 

A compression spring, located between a 
spring retainer and the barrel, assures proper 
contact between the barrel and the valve plate 
when the unit is not in operation, or whenever 
the unit is started. During normal operation, 
unbalanced internal forces (as a result of the 
pumping action) hold the barrel in contact with 
the valve plate. 

A bearing, mounted in the center of the valve 
plate face, supports and holds the drive shaft in 
proper alignment. 

Tilt Plate 

The non-rotating tiltplate, a bowl-shaped steel 
casting (Figure 6-47), provides the means for 
changing the angle of the socket ring without 
interfering with its rotational movements. (The 
socket ring nests within the tilt plate, and both 
parts move in unison.) 

A thrust bearing and a radial bearing ring 
permit free rotation of the socket ring within 
the tilt plate. The thrust bearing is sandwiched 
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Figure 6-45. —Universal joint balls remain in common plane regardless of tilt plate angle. 
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Figure 6-46. — Exploded view of drive shaft and hub. 
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Figure 6-47. —Principal A-End components. 
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between the socket ring and the tilt plate; the 
radial bearing ring encircles the circumference 
of the socket ring and rides against the inner 
wall of the tilt plate (fig. 6-47). 

The face of the rotating socket ring has 
nine hemispheric ally shaped sockets to sup¬ 
port and retain the ball-end connecting rods of 
the axial pistons. 

The tilt plate turns on two trunnions that 
are integral parts of the bowl casting (Figure 
6-47). These trunnions ride on bearings within 
the A-end housing. 

Besides the trunnions, there are two other 
tilt plate projections: the A-end response shaft 
(fastened to the upper trunnion), and the two 
ears with hemispherical sockets to accommodate 
the stroking pistons. (As previously explained, 
the action of these stroking pistons establishes the 
position of the tilt plate.) 

B-END 

The A-end pump is used in connection with a 
hydraulic motor or a B-end. The A-end delivers 
liquid to the B-end which is used as a motor 
to perform some work operation by means of the 
liquid delivered to it by the pump. The only 
difference between the pump (A-end) and the 
motor (B-end) is that the tilting box of the 
motor is permanently set at an angle which 
amounts to 20° in most ordnance set-ups. 

The hydraulic motor (B-end) can be directly 
connected hydraulically to the pump, so that 
both the pump and the motor use the same 
valve plate and are located in the same housing 
(type C installation), (fig. 6-48), or the motor 
can be set up at a distance from the pump, 
with the two mechanisms connected by piping 
(type K installation) (fig. 6-49). How the B-end 
is controlled by the A-end will be explained, 
later in this chapter when we will discuss the 
operation of a hydraulic transmission. 

In some turret hydraulic systems the special 
K type installation is used for the train power 
drives and employs one A-end and two B-ends. 
In the 8 inch turret system of the Salem Class 
cruisers, both of the B-ends drive the turrets 
single training gear. In the 16-inch turret sys¬ 
tem of the Iowa class battleship the two B-ends 
drive two driven pinions of the train drive 
assembly. 

It makes no difference how the A-end unit 
is connected to the B-end motor; the theory 
of operations of a hydraulic transmission is 
identical. 


Valve Plate 

The valve plate links the A-end pump to the 
B-end motor. Although the valve plates for 
different CAB units may vary in external appear¬ 
ance, they are basically similar in functional 
characteristics. 

A CAB valve plate has two accurately ma¬ 
chined surfaces called the valve plate faces. 
During CAB operation, the A-end cylinder barrel 
rotates against one of the faces, and the B-end 
cylinder barrel rotates against the other. (Fig. 
6-48). 

Two crescent-shaped openings and two inter¬ 
housing passages (fig. 6-50) extend through the 
valve plate from face to face. The crescent¬ 
shaped openings port fluid between the A-end and 
B-ends, while the inter-housing passages allow 
the free exchange of circulating fluid between 
the A- and B-end components. (This exchange 
of fluid through the interhousing passages does 
not directly influence operation of the A-end 
pump or the B-end motor, but it does dissipate 
heat generated within the CAB unit.) 

Safety Relief Valve 

The safety relief valve limits maximum pres¬ 
sure buildups between the A-end B-ends, ports 
supercharge fluid to compensate for slippage, 
and serves as a bypass valve whenever the 
braking mechanism is set. A compound relief 
falve is used as the safety valve for hydraulic 
transmissions and uses a pilot valve to control 
the main relief valve. Both the compound relief 
valve and the pilot valve were explained earlier 
in this chapter and will not be discussed here. 
Safety relief valves are sometimes called main 
relief valves when used with the type "C" 
installation and are connected to the valve plate 
(fig. 6-48). In the type "K" installation the 
safety relief valve is connected to the drive 
lines between the two valve plates (fig. 6-49). 

AUXILIARY GEAR PUMPS 

A small auxiliary gear pump, driven by the 
same electric motor that drives the A-end pump 
(fig. 6-51) supplies the necessary hydraulic 
pressure for the control mechanisms. This pump 
has two sets of gears. One set produces about 
400 to 500 psi servo pressure; the other set 
delivers about 100 psi supercharge pressure. 
Servo pressure is used to operate the control 
components of the CAB unit. Supercharge pres¬ 
sure replenishes fluid losses from slippage and 
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Figure 6-48. —Type "C" Installation cab unit. 
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Figure 6-52. —Tilt plate positioned for 
long stroke. 


dowel pin 

B 

A-END TO B-END 
HOUSING PASSAGES 


SHALLOW BEARING 
BORE FOR SHAFT TIP 

84.42 


Figure 6-50. —Face of typical valve plate. 


leakage and maintains the low pressure line at 
approximately 100 psi. 

In our discussion so far we learned that a 
CAB hydraulic transmission converts a constant- 
speed mechanical input into a mechanical, vari¬ 
able-speed, bi-directional output, that the me¬ 
chanical input to the A-end is the rotating shaft 
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Figure 6-51. — Dual gear pump of typical cab unit. 
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illustrates the relation of the A-end to other 
CAB components. 

CAB OPERATIONS 

With the tilt plate positioned at an angle, 
the rotating drive shaft of the electric motor 
forces the axial pistons of the A-end pump 
to move back and forth in their cylinders. The 
two stroking pistons, shown between the electric 
motor and the tilt plate, establish the angle 
(position) of the tilt plate, and the angle of the 
tilt plate determines: 

1. The volume of fluid supplied to the B-end. 
(The volume of fluid varies directly with the 
length of axial piston stroke, and the length of 
piston stroke varies directly with the angle of the 
tilt plate.) 

2. The direction of fluid flow. 

Figures 6-52, 6-53, and 6-54, show how the 
angle of the tilt plate affects A-end operation 
while the drive shaft of the electric motor main¬ 
tains a constant speed and direction of rotation. 

Comparing figure 6-52 with figure 6-53, note 
how the greater angle of the tilt plate in figure 
6-53 produces a correspondingly greater length 
of axial piston stroke to discharge a larger 
volume of fluid. 

Now, comparing figure 6-53 with figure 6-54, 
note how reversing the angle of the tilt plate 
changes the direction of fluid flow in the con¬ 
necting lines. 

Figure 6-55 shows the tilt plate in the neutral 
position (perpendicular to the drive shaft). With 
the tilt plate in this position, the pistons do not 
move back and forth in their cylinders when the 
drive shaft rotates the tilt-plate socket ring and 
the cylinder barrel, and the A-end does not pump 
fluid to the B-end. 

NOTE: The two stroking pistons move only 
when changing the speed or direction of B-end 
rotation. 

The B-end hydraulic motor is similar to 
the A-end hydraulic pump, but has a fixed-posi¬ 
tion tilt plate and operates in a reverse manner 
to convert hydraulic pressure into rotary motion. 

Figures 6-56, 6-57, and 6-58 illustrate B-end 
operation. When hydraulic pressure from the 
A-end is applied to the top of the piston as 
shown in figure 6-56 (for clarity, illustration 
shows a single piston—actual unit has nine), 
the resultant thrust of the ball-end connecting 
rod against the inclined socket ring causes it 
to rotate. Since a universal joint connects the 



84.49 

Figure 6-57. — B-End operation. 

socket ring to the B-end output shaft, both the 
output shaft and the cylinder barrel rotate with 
the socket ring. 

To obtain continuous rotation, hydraulic fluid 
must be applied to the piston for the thrust 
stroke and drained on the return stroke. This 
action is carried out by rotating the cylinder 
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84.50 

Figure 6-58. — B-End operation (reverse 
direction). 


barrel against a stationary valve plate having 
two crescent-shaped ports. One port supplies 
fluid to the piston on the thrust stroke; the other 
receives displaced fluid from the piston on th 
return stroke. 

Figure 6-57 shows how a B-end operates by 
the flow of hydraulic fluid pumped from an 
A-end. As the piston passes under the high- 
pressure port (red-shaded area), it is forced 
downward, and this action causes the unit to 
rotate. When the cylinder barrel rotates, the 
cylinder bore moves past the land separating 


the two crescent-shaped ports, and empties into 
the low-pressure port (yellow-shaded area) as the 
piston moves on the upstroke. This discharge port 
for the B-end motor connects to the intake port 
for the A-end pump. Thus, hydraulic fluid cir¬ 
culates from the A-end to the B-end, and then 
returns from the B-end to the A-end. 

By reversing the angle of the A-end tilt 
plate, the flow direction changes, and the B-end 
rotates in the opposite direction (fig. 6-58). 

With the A-end tilt plate positioned for the 
maximum piston stroke, the A- and B-end pistons 
move equal distances, and theoretically, the A- 
and B-ends rotate at the same speed. 

With the A-end tilt plate positioned to produce 
an A-end piston stroke that is only half that 
of the fixed-stroke B-end pistons, the fluid 
output of two A-end cylinders is needed to fill 
just one B-end cylinder. Accordingly, the B-end 
rotates at half the speed of the A-end. (As 
previously explained, when the A-end tilt is 
positioned perpendicular to the drive shaft, the 
A-end pistons cannot move axially, and the B-end 
shaft does not rotate.) 

The output pressure produced by the A-end 
must be sufficient to overcome the B-end load, 
and varies accordingly. 


SAFETY 

If clothing becomes drenched with hydraulic 
fluid, immediately change into dry clothing, 
because hydraulic fluid is injurious to health 
when in prolonged contact with skin. It is also 
a fire hazard. Immediately wipe up all spilled 
fluid. 

Shut down system before undertaking any 
repairs. Release fluid pressure before discon¬ 
necting any pressure line. Release gaseous ni¬ 
trogen and hydraulic fluid pressure before dis¬ 
connecting an accumulator 

If work must be performed in an area where 
the activation of the gun system will cause per¬ 
sonal danger in a power-on condition, station 
a safety man at each central station, establish 
phone communication with the safety man, and 
use extreme caution. 

When working in a power-off condition do 
not start gun system until communications have 
been established between the safety observer 
and the mount supervisors. 

Do not allow unqualified or unauthorized per¬ 
sonnel to operate the control panels. Trainees 
or other persons undergoing instruction shall 
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operate only under the strict personal super¬ 
vision of a qualified and responsible operator. 

All hydraulic leaks should be reported im¬ 
mediately and corrected at the first opportunity. 
A small leak in a high-pressure system appears 
as a fine spray or mist, which, in some fluids. 


could be ignited by a spark, thereby causing an 
explosion. 

Hydraulic systems operate under hydraulic 
pressures ranging from approximately 100 psi 
to 2,000 psi. If the above safety rules are not ob¬ 
served these pressures could present hazards 
to personnel. 
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CHAPTER 7 


ELECTRICAL AND ELECTRONIC CIRCUIT ANALYSIS 


There are many electrical and electronic 
circuits used in ordnance equipment. These 
circuits perform many such jobs as automatic 
or local control, stabilization, amplification and 
overload protection. It is beyond the scope of 
this book to examine each type of circuit individ¬ 
ually, but fortunately there is a shortcut. All 
electrical circuits use some type of basic elec¬ 
trical or electronic devices; these devices, in¬ 
dividually or working together, can delay, interrupt 
isolate or integrate electrical and electronic 
circuits, and prevent damage to equipment. The 
purpose of this chapter is to provide extensive 
information in the fields of electricity and elec¬ 
tronics, as they are related to ordnance equip¬ 
ment. Additional references should be made to 
Basic Electricity, NavPers 10086, and Basic 
Electronics, NavPers 10087. These publications 
are used by many ratings and present a more 
comprehensive view of the subject matter covered 
in this chapter. 

We first explain some of the more common 
electrical devices used as part of a power drive 
circuit; we then construct a typical circuit and 
explain the procedures and equipment used to 
locate failures within the circuit. 

The last section of this chapter is devoted 
to some of the electrical and electronic control 
devices, such as synchros and electron tubes, 
used in ordnance equipment. We also cover some 
of the safety precautions required for trouble¬ 
shooting electrical and electronic equipment. 


ELECTRICAL CIRCUITS 

A complete circuit is an unbroken path through 
which current flows from the negative terminal 
of the source through the load, back to the pos¬ 
itive terminal, and through the source. All cir¬ 
cuits have a source of voltage, plus some type 
of resistance (load) connected to the source. The 
resistance of the circuit load controls the current 
flowing through the circuit. 


The voltage source is the generator, battery, 
or any other unit that supplies the electrical 
energy. The path is the wire or conductor that 
allows current flow from the source to the load, 
and from the load back to the source. The load 
is the equipment that is connected to the source 
and may vary from a simple light to more comp¬ 
licated equipment. 

You learned from Basic Electricity that elec¬ 
tricity is a combination of a force called voltage 
and the movement of electrons known as current. 
You also learned that voltage is a pressure that 
forces current to flow through a wire, and that 
current has the ability to heat a lamp filament 
white hot and thus produce light. Figure 7-1 shows 
a practical indicating circuit of the type used in 
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84.332 

Figure 7-1. —Practical indication circuit. 
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power drives. The lamp, when lit, indicates that 
the electrical motor is energized. 

A.C.-D.C. ELECTRICITY 
THEORY 

As explained in Basic Electricity the difference 
between A.C. and D.C. electricity is that current 
always flows in the same direction in a D.C. 
circuit and reverses its direction at regular in¬ 
tervals in an A.C. circuit. 

The direction in which current flows in a 
circuit is indicated by plus ( + ) and ( - ) signs. 
You learned from Basic Electricity that there are 
two theorys describing the direction of current 
flow, conventional and electron theory. In all 
circuits used in ordnance equipment the electron 
theory of current flow is used, this theory states 
that current leaves the negative (-) terminal, 
flows through the circuit, and returns to the 
positive ( +) terminal of the voltage source 
(fig. 7-1 A).. 

Current flow in a circuit does all the work 
involved in the operation of an electric or elec¬ 
tronic device, whether it is a simple lamp or a 
complicated servo amplifier. In any application 
of current flow a continuous path must be pro¬ 
vided between the two terminals of a voltage 
source. 

There are three general types of circuits. A 
series circuit is one in which there is only one 
path for current to flow. A parallel circuit is 
one in which there is more than one part for 
current flow and a series parallel circuit is 
a combination of series and parallel circuits, all 
are explained in Basic Electricity. 

Elements In A Circuit 

There are several devices designed to pro¬ 
tect an electrical circuit: fuses, overload relays, 
relays, and switches. The most common, of 
course, is the fuse. 

FUSES. — The simplest form of circuit pro¬ 
tective device is the fuse. A fuse is a conducting 
element that will melt at a predetermined current 
value, thus opening the circuit and protecting the 
equipment against excessive current. 

Early fuses were of the open type. These 
were unsafe because the fusible element upon 
blowing, threw out molten metal causing burns 
and fires. All fuses used by the Navy are of the 
enclosed type. The most common is the non¬ 
renewable cartridge fuse shown in figure 7-2A. 


The fuse consists of the metal alloy fusible 
element, a fiber body filled with a nonflammable 
material, and ferrules closing the ends of the 
tube. When an abnormal amount of current (over¬ 
load) flows through the fuse element, the element 
burns up. As the metal strip vaporizes, the 
filling compound acts to quench the arc. 

The most common cause of fuse failure is 
an overloaded circuit. There are, however, other 
causes. Failure to set the fuse into its contacts 
properly when installing, and even the conditions 
of the surrounding air, can cause a fuse to blow. 
Fuses are rated according to the amount of 
current that can safely be carried by the metal 
alloy fuse element; this current is usually meas¬ 
ured in amperes. 

OVERLOAD RELAYS. —Overload relays, like 
fuses, act to protect circuits and equipment 
but in a different way. They are designed to 
open a circuit under short-circuited or over¬ 
loaded conditions without injury to themselves. In 
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Figure 7-2. —Circuit protective devices —A. 
A fuze (cartridge type). B. Overload relays. 
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opening the circuit, these protective devices act 
as relays. Overload relays used in gun power 
control circuits, generally speaking, fall into one 
of two broad classes. They are either of the 
thermal overload type or the magnetic (dash 
pot) type. 

The inductive thermal overload relay and reset 
assembly (fig. 7-2B) is made up of a primary 
current coil, a heater element as a secondary 
coil, a set of contacts operated by the heater, 
and a reset relay. When the circuit is energized, 
current passes through the primary coil. By 
inductive action, this current is induced into 
the heater element. If an overload occurs, ex¬ 
cessive current in the heater element will cause 
it to deflect. This rotates the lower end of the 
assembly, releasing a latch which normally holds 
the contacts closed. Opening the contacts opens 
the circuit. The overload relay can be reset by 
a pushbutton which will energize a reset relay 
coil. When this coil is energized it actuates 
a reset push rod and pulls the contacts closed. 

In extreme emergencies the contacts of the 
overload relay can be kept closed by action of 
the reset circuit although an overload exists. 
Operating power drives by this method (holding 
the RESET EMER RUN button down on the 
mount) bypasses the protective functions of the 
overload relays and may result in damage to 
the equipment. For this reason, the cause of 
the overload should be investigated and cor¬ 
rected before attempting to resume normal power 
operation. 

The magnetic overload relay serves the same 
purpose of protecting the equipment from dam age 
in the event of an electrical overload. This type 
of relay consists of a coil, an iron plunger, 
and contacts operated by the plunger. When 
installed, the operating coil is connected in 
series with the protected circuit. Normal cur¬ 
rent through the coil will not cause the relay 
to operate. If an overload occurs, the increased 
current will cause the flux of the relay coil to 
become large enough to lift the plunger up into 
the center of the coil. This causes the contacts 
to open, and disconnects the equipment from 
the circuit. 

Relays 

According to their application, relays can 
isolate, integrate, interrupt, or delay current 
flow in a circuit. Because of their wide and 
varied use it is impossible to firmly type them. 
They can rightfully be called switches, pro¬ 


tective devices, line contactors, etc., depending 
upon their function. 

The type studied here is the power control 
relay (fig. 7-3). These are simple devices, 
consisting of a coil, a plunger, and contacts 
which make or break, depending on the action of 
the plunger. From the illustration you can see 
that a relatively small current through the coil 
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Figure 7-3. — Control relays. 
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will control the passage of a much larger current 
through the contacts. In the deenergized position, 
current flow is stopped at contacts 1 and 2. Con¬ 
tact 3, however, is closed, and current is allowed 
to pass through the bottom circuit. When the coil 
is energized the plunger is lifted, contacts 1 and 

2 close, completing their circuits, and contact 

3 opens. 

The time delay relay acts in much the same 
way except there is a delay between energizing 
the coil and lifting of the plunger. It is particu¬ 
larly useful in circuits where two large drive 
motors are energized by a single start button. 
The idea is to prevent both motors from starting 
at the same time and resulting in large surges 
of current flowing in the circuits. By placing 
one motor in the start circuit with a conventional 
control relay and the other motor with a time 
delay ^elay, initial starting currents are stag¬ 
gered. 

The time delay relay used most often in gun 
power drives is of the bellows type. Energizing 
the coil of the relay causes the plunger to be 
attracted upward. The plunger is attached to a 
metal bellows and its upward movement is 
slowed. As the bellows is compressed, the 
trapped air must escape past a needle valve. 
By adjusting the needle valve, the contacts of 
the relay can be made to open (or close) after 
a selected interval of time. 

Switches 



A switch is used to complete, interrupt, or 
change connections in a circuit under load con¬ 
ditions. 

The pushbutton switch is often used to start 
and stop electric drive motors. The button and 
its contact is spring loaded to either a normally 
open or closed position according to its use in 
the circuit. A simple pushbutton diagram is 
shown in figure 7-4A. Pushing the START button 
will complete the circuit. Pressing the normally 
closed STOP button opens the circuit. The dotted 
line indicates a third circuit which is sometimes 
present in power drive pushbutton stations. In 
this case the START button, in addition to 
starting the power drive, is also used to en¬ 
ergize the overload relay reset coils. Such 
a pushbutton station is labeled START-EMER- 
RUN. 

A type "J" multiple rotary switch is shown 
in figure 7-4B. This switch contains a number 
of rotors (the movable contacts) and a number 
of pancake sections (stationary contacts). The 
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Figure 7-4. —Switches —A. Pushbutton type. 
B. Multiple rotary switch. C. Microswitch. 
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number of sections required in the switch is 
determined by the individual application. A shaft 
with an operating handle extends through the 
center of the rotors. In the particular "J" 
type multiple rotary switch action shown (2JR), 
there are eight stationary contacts (A through 
H) and a rotor having two movable contacts 
180° apart. Each movable contact bridges two 
adjacent stationary contacts. As shown, the rotor 
contacts segments A-H and E-D. By moving 
the rotor clockwise one position, segments A-B 
and F-E are connected. 

The micro (sensitive) switch is seen in fig¬ 
ure 7-4C. It is a pushbutton type. The prin¬ 
ciple advantage of this switch is its ability to 
be opened or closed by very small movements 
of its pushbutton. Because of this ability, it is 
used extensively as a safety interlock. These 
switches, for example, are used throughout the 
3"/50 rf loading circuit. They are actuated 
by their individual linkages to assure that the 
breechblock is fully down, the bore is clear, 
the gun has returned to full in battery position, 
etc., before a loading cycle can be initiated. 

By changing the wiring connections these 
switches can be made to be normally open or 
normally closed. So you should be careful when 
placing a new microswitch in a circuit or re¬ 
wiring an old one. 

LET'S BUILD A 
CIRCUIT 

In this section we build a complete cir¬ 
cuit, using most of the basic elements just dis¬ 
cussed. In this way, you can see how a circuit 
which looks fairly complicated at first glance, 
actually is made up of individual, one-function, 
circuits. These smaller circuits are made up 
of just one or two simple devices (and their as¬ 
sociated wiring) and do just one job. When 
properly connected to other one-function cir¬ 
cuits, they can act automatically to start or 
stop current flow in a circuit, combine or di¬ 
vide these circuits, and act as safely devices 
to protect equipment and personnel. 

The circuit we design here is a power control 
circuit. Its job is to connect and regulate a 
ship's 440-volt supply to a gun power drive. 
In figure 7-5A, you can see that 440 volts is 
connected directly to a train and elevation motors. 
This is good as far as it goes, but unless we have 
some way to interrupt this circuit, our motors 
will run continuously as long as the ship's gen¬ 
erators are lit off. This means 24 hours a day. 


Look now at figure 7-5B. You can see that 
a line contactor has been placed in the line be¬ 
tween the supply and the train motor. Its con¬ 
tacts are in the open position. Right above the 
relay coil of the line contactor you can see a 
stepdown transformer which has tapped voltage 
from the high voltage supply and has reduced it 
to 115 volts on its secondary windings. If you 
trace the output of this transformer, you see 
that it goes down through a simple START but 
ton (spring loaded to the open position), back u* 
through the relay coil of the line contactor RT? 
and then connects to the transformer completing 
the circuit. Now, when you press the start 
button, current flows through the start circuit 
energizing relay RT1. The relays magnetic flux 
pulls the plunger up, and the four contacts 
close, applying 440 volts to the motor. The 
voltage is lost, however, if the start button is 
released, because releasing the button breaks 
the start circuit to the coil of relay RT1 and 
its contacts drop out, opening the 440-volt cir¬ 
cuits. Since it would be a waste of manpower 
to assign a member of the gun crew to hold this 
button down all the time, let's add another circuit 
to do the job for us. 

Notice the circuit that taps off of the 115- 
volt start circuit. It goes down and through the 
lower (fourth) contact of RT1. We will call this 
the RUN (holding) circuit because it will permit 
current to flow through coil RT1 when the 
START button is released. How? Let's go back 
a minute. When you pressed the START button, 
current flowed not only through the circuit to 
relay coil RT1, but also down through the 
RUN circuit to its lowest contact. Of course at 
this particular instant it could go no further. 
When the line contactor RT1 lifted, however, it 
also closed its lowest contact. This completes 
the circuit. More important, it provides an 
alternate path for current to energize relay coil 
RT1. Now even though the START button is 
lifted, current through the run circuit will keep 
RT1 energized and its contacts closed. 

The next additions to our circuit are pro¬ 
tective devices. Fgiure 7-5C shows an over¬ 
load relay and its associated reset-emergency- 
run circuit, and interlocks, which in this case 
are two microswitches. The overload relay is 
the inductive thermal type. When an overload 
occurs, the relay trips and opens the 440-volt 
circuit to the amplidynes. They can be picked 
up again (reset) by pushing the RESET EMER 
RUN button. This button, when pushed, com¬ 
pletes a circuit to the coil of the relay, pulling 
its contacts closed. In emergency, this pro- 
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Figure 7-5. — Power control circuits for amplidyne type power drive. 
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cedure can be used although an overload exists. 
Because it bypasses the safety feature of the 
relay, however, this should only be done in 
emergency, and then only sparingly. 

Now for the microswitch interlocks. These 
switches are in the start circuit and will pre¬ 
vent current flow in this circuit unless they are 
closed. A practical application of these switches 
would be to connect them by linkage to train 
and elevation centering pins. By arranging the 
linkage and the internal circuitry of the switch 
a certain way, the switches act to open the 
start circuit when the centering pins are in. 
This prevents starting the power drive and at¬ 
tempting to train or elevate the gun while it 
is locked into its stowed position by the centering 
pins. 

So far we have ignored the circuit to the ele¬ 
vation motor, because with one exception, the 
elevation circuit has the same components, and 
works the same way as the train circuit. Both 
circuits are supplied from the same 440-volt 
supply; the start and run circuits and interlocks 
are common to both train and elevation; and the 
overload relays are identical in construction 
and purpose. The only real difference beeween 
the train and elevation circuits is that the latter 
has a time delay relay RK2 in it. 

In figure 7-5D, you can see line contactor 
RE1, which acts to complete the 440-volt ship's 
supply to the elevation motor in the same manner 
as RT1 did for train. You can see, however, 
that for the relay of RE1 to be energized, the 
contact of the time delay relay must be closed. 

The circuit works like this; 

When the START button is pressed, the coil 
of RT1 and the coil of the time delay relay are 
both energized. (We will consider that the run 
circuit completes the alternate path for both 
relays and that the START button can be re¬ 
leased). Current passes to the train motor, 
which builds up to operating speed. The time 
delay relay is of the bellows type, set at 8 sec¬ 
onds. Eight seconds after the start button is 
pushed, the time delay relay has pulled its 
plunger up into the coil. Its contact closes, 
completing the circuit through coil RE1. When 
RE1 lifts, its contacts close, ending 440 volts 
to the elevation motor. The purpose of the time 
delay relay is to stagger the large starting 
currents through the circuit. It allows the train 
motor time to wind up before the elevation motor 
starts. 

The remaining elements in the circuit are 
the circuit breaker, fuses, and the STOP but¬ 


ton. The circuit breaker is a manually oper¬ 
ated switch. In normal operation it is closed, 
supplying our circuit with 440 volts. It can be 
opened by hand, securing the power, while re¬ 
pairs are being made. 

The fuses are in all three phase circuits. 
Their purpose and action have already been 
shown. The STOP button is spring loaded to the 
closed position. In most cases this button will 
affect both the start and run circuits. When you 
press the button, both circuits are opened and 
the relays drop out. 

Causes Of Circuit 
Failures 

The failure of a circuit to function properly 
usually is caused by a break in the circuit (open), 
a grounded circuit (this permits an undesired 
path of current return to the source), or a short 
circuit (a circuit that permits current to bypass 
a part of the circuit). 

Any of these faults affects the current and 
voltage values and causes the circuit to function 
improperly. 

Open circuits may result from dirty or loose 
connections, improperly installed wire, mechan¬ 
ical damage, faulty installation or repair, and 
vibration. If connections are clean and tight, 
no resistance is added to the circuit. 

Short circuits are low-resistance paths or 
shortcuts that cause the current to bypass the 
load. The current from the source passes through 
the "short" instead of the load, causing the load 
to function improperly. Most shorts are ac¬ 
cidental. They occur when vibration wears away 
the insulation, when salt water gets into con¬ 
nection boxes, when heat melts away insulation, 
and when carelessness brings two conductors 
together. 

A grounded circuit is one in which one side of 
the path is connected to ground either intention¬ 
ally or accidentally. An intentionally grounded 
circuit uses ground which is the ship's hull, 
equipment chassis, etc., as one side of the line 
or one conductor. If the "hot side" conductor 
of a grounded source touches ground accidentally, 
a short circuit results. Power circuits in the 
Navy are not grounded and* must be insulated 
from ground at all times. One side of this circuit 
may be grounded accidentally, and no harm will 
result, but if both sides are grounded, a short 
circuit is the result. An ungrounded circuit has 
a safety feature. If anyone accidentally touches 
one side of an ungrounded circuit, there will be 
no path for current flow through his body to the 
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Figure 7-6.— AN/PSM-4A multimeter (front view). 
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other side of the source. This is one reason why 
power circuits in the Navy are insulated from 
ground. 

Types Of Circuit 
Checks 

There are three basic circuit checks used to 
locate shorts, grounds, and open circuits within 
electric and electronic equipment. 

1. Voltage (volt) checks 

2. Current (amperes) checks 

3. Resistance (ohms) checks 

Voltage checks reveal the amount of potential 
force present to move electrons in a circuit. 

Current checks show the actual amount of 
electron flow through the circuit. 

Resistance checks tell the resistance char¬ 
acteristics of the circuit, that is, how much 
opposition the circuit offers to the flow of 
electrons. 

With the proper use of test equipment, failures 
in electric and electronic circuits can be de¬ 
tected and isolated to specific components by 
using one of these three checks. 

Since volts, amperes and ohms are units of 
electrical measure, (Ohms Law explained in 
Basic Eelectricity) some measuring device must 
be used to measure them. One device used for 
this purpose is the multimeter. 

CIRCUIT TESTING 

A multimeter is a testing device which mea¬ 
sures either A.C. or D.C. voltage,current (amps) 
or resistance (ohms). A multimeter converts 
electrical energy into mechanical motion. 

The mechanics motion positions a pointer (called 
a needle) on a scale located on the face of the 
meter. The scale indicates the number of the 
units being measured. 

Figure 7-6 shows the front view (face) of a 
multimeter, which contains all the controls 
necessary for operating the meter. There are 
three major controls which function as follows. 

A 10-position rotary switch, located in the 
lower left hand corner of the meter, is used 
both as a function switch and a resistance 
range selector, ((T) in fig. 7-6). Five of these 
positions set up omnmeter (resistance) checks. 
In any of these positions the switch also acts 
as a range selector. 

The eight-position switch (2) in the lower 
right hand corner selects ranges of current and 
voltage. 


The zero-ohms control knob ® is used 
to adjust meter circuit sensitivity to compensate 
for battery aging in the multimeter's circuits. 
It also is used to set the pointer (needle) at 
full scale deflection to the right, to indicate 
zero ohms, when the function switch is set at 
any resistance range position, and test leads 
are shorted together, ((4), (5), and (6) in fig. 
7-6). 

Six meter jacks are arranged in two rows 
of three on the face of a multimeter. Following 
is a list of the jacks and their functions. 

The common jack @ upper left hand corner 
accomodates the negative (black) test lead. This 
jack and its associated test leads are used 
in all circuit tests. 

The +v ohms jack ® center jack upper left 
accomodates the positive (red) test lead for 
measuring voltage and current values of 500 
volts and 1 ampere or less, as selected by the 
voltage and current range selector switch. This 
positive jack also is used for measuring circuit 
continuity or for measuring resistance of a 
circuit or circuit component- 

The +10 ampere jack ® accomodates the 
positive test lead for measuring current between 
1 and 10 amperes. 

The 1000 VAC jack @ , upper right hand 
corner, accomodates the positive test lead for 
measuring AC voltages between 500 and 1000 
volts. 

The 1000 VDC jack @ accomodates the 
positive test lead for measuring D.C. voltages 
between 500 and 1000 volts. 

The +5000 VDC multiplier jack, (Q> , ac¬ 
comodates a special test lead with a ouilt in 
resistance and is used with the common jack 
to measure D.C. voltages between 1000 and 
5000 volts. 

The scale located at the top of the meter is 
used to read the value of the quantity under test. 
On this meter four separate scales are provided, 
one for resistance (ohms), one for D.C. volt¬ 
age and current, and two for AC voltage. This 
type of meter cannot measure A.C. current. 
Once the meter is connected to the circuit under 
test the value of the tested quantity is read on 
the appropriate scale. Switches (l) and (2) de¬ 
termine which scale is read. For example, if the 
meter is set up for resistance tests, the ohms 
scale is read and then multiplied by the value 
shown on the setting of switch (l). If the scale 
resuis 22 and switch © is in the RX100 position, 
the actual value of resistance in the circuit 
under test is 22 x 100 = 2200 ohms. 
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Switch (2) is used when voltage and current 
checks are to be made. If current is to be 
measured switch (l) is placed in the AMPS, 
MA, /iA position (11 o'clock position). The range 
of current to be measured is selected by switch 
(2). Assuming switch @ is in the 10 MA po¬ 
sition and switch (T) is in the DC AMPS, MA, fiA 
position, DC current is read on the D.C. scale 
with full scale deflection (the pointer is all the 
way to the right) being equal to 10 MA. 

For voltage checks switch (l) is placed in 
one of three positions; ACV (AC volts), DCV 
DIRECT, or DCV REVERSE. The direct-reverse 
feature allows either positive or negative DC 
voltage to be read without reversing the leads. 
If switch (T) is in the ACV poisition and switch 
(5) in the 100V/100MA position, the meter is 
set to read AC voltage of less than 100 volts. 
The AC scale is used with full scale deflection 
equal to 100 volts and each major division equal 
to 20 volts. For example, if AC voltage is being 
measured with the switches as described and the 
pointer is positioned at 30, on the AC scale, 
the actual reading is 60 volts. 

The bottom scale (VAC, 2.5 ONLY) is used 
only for AC voltages of less than 2.5 volts. 

There are many types of multimeters found 
aboard ship and the one you use may not have 
the same features as the AN/PSM-4A. However, 
the general operation will be the same. If pos¬ 
sible, always consult the operation instructions 
before using an unfamiliar meter. If you cannot 
obtain the operating instructions read the face 
of the meter carefully and you should be able 
to determine how each control is to be used. 

Using A Multimeter 

Knowing how to use a meter is of little help 
if you cannot determine how a circuit should work 
under normal conditions. The fact that any electric 
motor should start when you push a start button 
is not enough. You must be able to tell what each 
individual component should be doing within an 
electric circuit and determine whether it is 
doing it correctly. 

Most of the electrical schematics found in 
OPs identify by letters and numbers the com¬ 
ponents of each electrical circuit. These letters 
and numbers differ with each gun system. In 
order to check the electrical circuits of a 
weapon system, a thorough knowledge of elec¬ 
trical cable designations and component and 
equipment functions is required. In figure 7-7A 
we have a typical start circuit for an electric 
motor. This circuit is almost the same circuit 


as that shown in figure 7-5. The major dif¬ 
ferences between these two circuits are the 
way they are illustrated and the addition of 
indicating lights which help isolate component 
failures and pinpoint circuit malfunctions. 

In most new OPs the type of electrical 
schematic shown in figure 7-7A is used and is 
called a straight line schematic. This schematic, 
in addition to showing an electrical circuit, ident¬ 
ifies each circuit component and explains their 
purposes (fig. 7-7B). 

To show how indicating lights help us trouble 
shoot circuit failures we'll explain three different" 
types of malfunctions that could happen to a 
motor start circuit: 

1. Blown fuse 

2. Open or shorted transformer 

3. Open control circuit 

Where indicating lights point out circuit fail¬ 
ures some other type of test equipment must be 
employed to locate specific components causing 
failures. A multimeter is used for this purpose. 

The first step taken before operating any 
electrical equipment is to ensure that all circuits 
to the electrical components are activated. First 
we position CB-1 to the ON position (fig. 7-7A). 
This connects the 440 VAC ship supply to our 
electric motors and also supplies 115 VAC control 
voltage for the relay circuits. 

CHECKING FOR A BLOWN FUSE.—With 
CB-1 positioned at ON, the following indicating 
lights should light: L-3, L-4, L-5, and L-6. 
Part A of figure 7-7 shows how these lights 
will light and part B of figure 7-7 tells why 
the lights should light. 

We now have activated the circuits for the 
train and elevation motors. To start the motors 
we mush push start switch SM-1, this action 
should start both motors, but when SM-1 is 
depressed nothing happens, so we have a prob¬ 
lem. With this type circuit the first thing to look 
for would be the status of the indicating lights. 
For some reason lights L-5 and L-6 are out. 
Why? What are these lights telling us? Let's 
start with L-5. 

We found from part B of figure 7-7 that 
L-5 gives us an indication that phase A of the 
440 VAC power supply is available to our power 
supply circuit. Because L-5 is out we have no 
phase A for our motors and no power supply for 
our step down transformer TPZ-1. 

Let's look at part A of figure 7-7 and trace 
phase A of the 440 VAC power supply. We can 
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see that each line of the 440 VAC power supply 
is labeled either A, B, or C. By following the 
line marked A from our 440 VAC supply we 
come to our first component, which is CB-1. 
From our knowledge of circuits breakers we 
know that when we position them to ON all 
contacts of the CB make contact, and since lights 
L-3 and L-4 are lit, we can assume the CB-1 
is functioning properly. The next component in 
the phase A line is FZ-1. By referring to part 
B of figure 7-7 and matching the symbol of FZ-1 
we find that it is a fuse. 

*’• We can now assume that if we change fuse 
FZ-1 and if our circuit breaker is functioning 
properly our circuit will be back to normal. 
But where is FZ-1 located? There are all 
kinds of panels and boxes within a system. How 
do we find the physical location of electrical 
components and how do we find what type and 
rating of fuse to use? 

Again, let's check part B of figure 7-7 and 
find FZ-1, you can see beside FZ-1 (PI) in 
parenthesis. This tells you that fuse FZ-1 is 
located in Panel PI, (P = panel and 1 = panel 
no. 1). 

The fuse rating (3 AMP) is found in part A 
of figure 7-7 beside FZ-1. After locating fuse 
FZ-1 in panel PI and noting its size and shape, 
you have all the information you need to re¬ 
place the fuse. 

The main reason that we did not check the 
contacts of CB-1 is that it is always safer to 
check and replace fuses within a system than to 
work with a high voltage like 440 VAC. If after 
replacing fuse FZ-1, indicating lights L-5 and 
L-6 are still out, then a voltage check must be 
made a contactor CB-1. For our explanation 
when we replaced fuse FZ-1 indicating light L-5 
lit, but L-6 is still out, so we still have a prob¬ 
lem. 

TRANSFORMER MALFUNCTION. —The only 
indication necessary for the proper activation 
of our motor controller circuit is indicating 
light L-6. This gives us an indication that we 
have 115 VAC control supply available to op¬ 
erate the components of the control circuit. By 
looking at part A of figure 7-7 we see that the 
only components between light L-6 and the two 
phase output from the 440 VAC power supply 
are fuses FZ-1, FZ-2 and transformer TPZ-1. 

By checking lights L-4 and L-5, which are 
lit, we know that CB-1 and fuses FZ-1 and 
FZ-2 are functioning properly. This leaves 
TPZ-1, we must now assume that our problem 
lies with the transformer. 


From your study of transformers (Basic 
Electricity, NavPers 10086) you should remember 
that a transformer is a device with no moving 
parts that transfers energy from one AC circuit 
to another by electromagnetic induction. The 
energy always is transferred without a change 
in frequency, but usually there are changes in 
voltage and current. A step-up transformer re¬ 
ceives electrical energy at one voltage and 
delivers it at a higher voltage. Conversely, a 
step-down transformer receives energy at one 
voltage and delivers it at a lower voltage. 

A simple transformer consists of two coils 
very close together, electrically insulated from 
each other. The coil to which the AC voltage is 
applied is called the "primary." It generates 
a magnetic field which cuts through the turns of 
the other coil, called the "secondary," and gen¬ 
erates a voltage in it. The coils are not physically 
connected to each other; they are however, mag¬ 
netically coupled to each other. Thus, a trans¬ 
former transfers electrical power from one coil 
to another by means of an alternating magentic 
field. 

Part A of figure 7-7 shows that we have a 
220 VAC input to the primary of transformer 
TPZ-1 and a 115 VAC output from the secondary, 
this makes TPZ-1 a stepdown transformer. 

For safety reasons it is always best to work 
with lower voltages where ever possible. Because 
the secondary of transformer TPZ-1 produces 
half the voltage of the primary, we'll work with 
voltages from the secondary and not the high volt¬ 
age at the primary. The closest points in which 
to take low voltage meter readings from the 
secondary of TPZ-1 are points Pl-1-1 and 
Pl-1-6 (fig. 7-7A). 

The designations Pl-1-1 and P-1-1-6 (fig. 
7-8A, 115VAC control supply) simply mean panel 
No. 1, terminal board No. 1, and terminals No. 1 
and No. 6, respectively. Another type of designa¬ 
tion, BX1-4-2, also shown in figure 7-8A and used 
later in this chapter, means general component 
box No. 1, terminal board No. 4, Terminal No. 2. 

These wire connections can be used as test 
points to determine the area of the motor start 
circuit that has failed. Also shown on figure 7-8A 
are wire designations WS-101 and WS-102. They 
represent just two wires of the 115 VAC control 
supply circuit. The purpose of any wire designation 
is to identify each wire of a unit or group of an 
entire system. Wire designation WS-101, WS 
meaning wire, single conductor and 101, wire 
number one of the power distribution group. 
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Figure 7-7A.—Motor start circuit. 


Each gun system OP contains a list of all cable 
and wire designations which identify by groups 
each wire and cable assigned within a group, for 
example any wire number from 100 through 199 
could be assigned to a gun system power dis¬ 
tribution group, whereas wires numbered 1000 
through 1999 could be assigned to a gun's loading 
system. 

Wire designation aids in installation, main¬ 
tenance and trouble shooting. Each wire is 
identified regardless of its physical location. 
That is, the wire carries the same designation 


throughout the system. This makes for easy 
identification as shown in part B of figure 7-8. 

On many new gun systems wire designation 
also identify the terminal points each wire is 
connected too. For example a wire could be 
identified by, WS-102, (BX1-4-4/P2-3-5). Look 
at figure 7-8B, you see that wire WS-102 runs 
from connection box 1 (BX1) terminal board 
4(TB-4) terminal 4, to panel 2 (P2) terminal 
board 3 (TB-3) terminal 5. This type of identi¬ 
fication also helps when performing authorized 
changes to the equipment. By matching the wire 
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FUZE (FZ) 


) CIRCUIT BREAKER (CB) 


o 


INDICATING LIGHT (L) 

OVERLOAD RELAY (RK) 
RELAY COIL (R) 


JL RELAY CONTACTS 
“|“ NORMALLY OPEN (N.O.) 

RELAY CONTACTS 
NORMALLY CLOSED (N.C.) 

|° MANUAL OPERATED SWITCH (SM) 

10 INTERLOCK SWITCH (SI) 

11 H TRANSFORMER (TPZ) 


GB-1 SHIPS SUPPLY CIRCUIT BREAKER (PI) L-9 ELEV. MOTOR CONTACTOR 

ENERGIZED 

FZ-1 PHASE(A) LINE FUZE 440 VAC (PI) L-10 EM/RUN RELAY ENERGIZED 

FZ-2 PHASE(B) LINE FUZE 440 VAC (PI) RT 1 TRAIN MOTOR CONTROL RELAY (P2) 

FZ-3 PHASE(C)LINE FUZE 440 VAC(Pl) RE 1 ELEV MOTOR CONTACTOR RE LAY (P2) 


L-l TRAIN MOTOR ENERGIZED 


RK 1 EM/RUN RESET RELAY (P2) 


L-2 ELEV. MOTOR ENERGIZED 


RK 2 TIME DELAY RELAY .8 SEC DELAY 
ON-ENERG. (P2) 


L-3 440 VAC PHASE(C) AVAILABLE (PI) SMI MOTOR START SWITCH (N.O.) 

L-4 440 VAC PHASE(B) AVAILABLE (PI) SM 2 MOTOR STOP SWITCH (N.C.) 

L-5 440 VAC PHASE (A) AVAILABLE (PI) SM 3 EM/RUN START SWITCH (P2) 

L-6 115 VAC CONTROL SUPPLY AVAILABLE SIT TRAIN SECURING PIN INTERLOCK 

SWITCH 

L-7 TRAIN MOTOR CONTACTOR ENERGIZED SIE ELEV. LOCKING PIN INTERLOCK 

SWITCH 


L-8 TIME DELAY RELAY ENERGIZED 


TPZ-1 CONTROL SUPPLY TRANSFORMER (PI) 


84.333.2 

Figure 7-7B.—Motor start circuit legend. 
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Figure 7-8. —Circuit abbreviations. 


designation to the terminal points the wire is Checking Transformer 
connected to, you can ensure that the wires are Voltage Output 
connected to the proper terminals. 

The simplest way to check the output of 
Also shown on figure 7-8A are transformer TPZ-1 is to take a voltage reading at terminal 

terminal markings HI, H2, XI and X2 for TPZ-1. points Pl-1-1 and Pl-1-6 (fig. 7-7). Setup a 

Generally, the high voltage leads are marked H multimeter for AC voltage readings, 
and the voltage leads marked X. These markings Position the eight position switch (2) in fig- 

are used when connecting a transformer into ure 7-6 at 500 V and switch at ACV. The 
a circuit. purpose of setting switch @ at 500 V is a 
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safety precaution taken which will prevent dam age 
to the meter if a high voltage is present across 
terminals PI-1-1 and Pl-1-6 due to component 
failure. Since there is 220 VAC present at the 
primary of TPZ-1 then there is also apossibility 
of having 220 on the secondary of the transformer. 

Caution: When taking any voltage readings 
always set the range switch © at the highest 
range as a protection to the meter. 

When taking voltage readings be sure not 
to touch the metal parts of the test leads when 
the leads are touching the terminal test points. 
The test leads can be applied to either test 
point, the polarity of the leads does not matter 
when taking AC voltage readings. 

Apply the test leads across the secondary 
source of TPZ-1. If any voltage is present at 
terminal points Pl-1-1 and Pl-1-6 the meter 
pointer (needle) will deflect to the right. For 
the purpose of explanation, there is no voltage 
present at these terminal points. 

CHECKING FOR AN OPEN TRANSFORMER.— 
To check out the transformer, first position 
CB-1 to the off position (fig. 7-7A). Attach a 
warning tag to the open switch stating that the 
circuit was opened for repairs and shall not be 
closed except by direct orders from the person 
who opened the switch. At PI panel remove 
fuses FZ-1 and FZ-2. These are safety pre¬ 
cautions which should be observed before dis¬ 


connecting any wires. It is also a good idea to 
test a supposedly deenergized circuit with a 
voltage tester before commencing work on a 
circuit even though you removed the fuses from 
the circuit, these tests are taken at Pl-3-1 
and Pl-3-6. After insuring that the circuit is 
deenergized disconnect wires X-l and X-2 on 
transformer TPZ-1 from terminals Pl-1-1 and 
Pl-1-6 (fig. 7-9). 

Caution: Never use a multimeter as an ohm- 
meter on an energized circuit. Set up a multi¬ 
meter to take resistance (ohms) readings, steps 
4, 5, and 6 in figure 7-6. Apply the test leads 
to the disconnected leads of TPZ-1 as shown 
in figure 7-9. If the transformer secondary leads 
are open, the meter reading would indicate max¬ 
imum resistance, the pointer would remain at 
the left side of the meter (fig. 7-9). This in¬ 
dicates that there is no complete circuit through 
the secondary of TPZ-1, or an open circuit. 

REPLACING TRANSFORMER TPZ-1. —Be¬ 
fore a new transformer can be connected into a 
circuit it is necessary to know which transformer 
leads are primary and which are secondary. Most 
transformers have their terminal leads marked by 
either numbers, letters or color coded wires. 

If transformer leads are not marked the pri¬ 
mary and secondary leads must be determined. 
Usually high and low voltage leads are brought 
out on opposite sides of a transformer casing 
as shown in figure 7-10. The process of checking 
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Figure 7-9.— Checking transformer output. 
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! COIL AND CORE ASSEMBLY 


147.125 

Figure 7-10.-Single-phase transformer for shipboard use. 


out which leads are primary and which are sec¬ 
ondary is called phasing out the windings and is 
explained in Basic Electricity. 

The first step to take when connecting TPZ-1 
into the circuit would be to connect the high 
voltage leads HI and H2 to terminals Pl-3-1 
and Pl-3-6 as shown in figure 7-8A. After 
the connections have been made, activate the 
power distribution circuit by replacing fuses FZ-1 
and FZ-2 and then positioning CB-1 to ON. 

Set up a multimeter to take AC voltage read¬ 
ings, remember to set the range switch at its 
highest range setting. Apply the test leads to 
the secondary leads of XI and X2 of TPZ-1. 
The meter reads 115 VAC, this gives us an 
indication that the transformer is functioning 
properly, we can now connect the secondary 
leads of TPZ-1 into the circuit. 


First we deenergize the circuit and tag the 
open switch of CB-1. We then insure that the 
circuit is deenergized by taking voltage readings 
at the secondary of TPZ-1, the multimeter should 
read zero. The circuit is safe to work on, we 
can now connect the secondary leads XI and X2 
to terminals Pl-1-1 and Pl-1-6, (fig. 7-8A). 

Make sure that all terminal connections are 
tight and then energize the circuit by positioning 
CB-1 to ON; if all goes well indicating light 
L-6 should light. If for some reason L-6 is 
still out, the next step would be to check the 
light bulb for L-6 to see if it is burned out. 
The easiest way to do this would be to replace 
it with a new one. After replacing the bulb and 
with L-6 still out we can make one more fast 
check and that would be to try and start our 
motors by pressing start switch SM-1, if this 
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does not help our next step would be to analyze 
the circuit by tracing out its components. 

Circuit Testing 

To trace the circuit shown in figure 7-7A, we 
must first go over the troubleshooting steps we 
have taken up to this point. 

First we found that by replacing blown fuse 
FZ-1, we received all normal indications for 
our 440 VAC supply circuit to the electric motors. 
Second, when we replaced transformers TPZ-1, 
we had 115 VAC at the secondary of TPZ-1 
but we still did not have an indication of 115 
VAC supply available at light L-6. Both the fuse 
and transformer were causes of part of our 
circuit failure but by replacing the light bulb at 
L-6 did nothing to add to the solution of our 
problem. 

Look at figure 7-8A, we see that the only 
components between TPZ-1 and light L-6 are two 
wires (WS101 and WS102) and the terminal 
boards to which they are connected. 

We know that we must have 115 VAC at start 
switch SMI in order to energize train motor 
contactor relay RT-1. The contacts of RT-1 
complete the run circuit to the train motor and 
also complete the circuit to our elevation motor 
contactor relay RE-1 (fig. 7-7A). 

Because we have no indication at L-6 that 
we have 115VAC available for our relays we 
must assume that our problem lies somehwere 
between transformer TPZ-1 and light L-6. 

POINT TO POINT MEASUREMENTS. —Look 
at figure 7-8B, this illustration shows us how 
point to point voltage mesurements can be made 
using a multimeter. First we ensure that our 
circuit is energized. We can then start checking 
our circuit by first locating the nearest con¬ 
nective points from which our 115 VAC control 
supply enters our relay circuits. 

We know that the 115VAC supply starts at the 
secondary of TPZ-1. Look at part A of figure 
7-8. Start at the secondary (X) side of TPZ-1 
and locate the first points shown on wires WS101 
and WS102. We find that they are Pl-1-1 and 
Pl-1-6, these are the points at which we will 
start our point to point voltage tests. 

First we locate panel PI and the terminal 
board and terminal points indicated on part B 
of figure 7-8B. We again set up our multimeter 
to take voltage readings. We then apply the test 
leads across terminals 1 and 6 of TB-1 (fig. 
7-8B). Our meter indicates 115 VAC at these 


points. This is a normal indication; therefore, 
our circuit is complete to this point. 

WARNING: Under no circumstances 
should any person reach within or enter 
any enclosure for the purpose of ser¬ 
vicing, adjusting or troubleshooting elec¬ 
tric or electronic equipment without the 
immediate presence or assistance of 
another person capable of rendering aid. 

Such person must be familiar with the 
methods of artificial respiration. 

Next look at figure 7-8A and locate the next 
two test points between TPZ-1 and L-6. These 
are BX1-4-2 and BX1-4-4. We locate connection 
box BX1 and find terminal board TB-4 and ter¬ 
minals 2 and 4 (part B of figure 7-8). We apply 
our test leads across terminals 2 and 4 and 
again our meter reads 115 VAC; our circuit 
is good up to these last two points. 

Our next step is to locate the next test 
point, P2-3-1 and P2-3-5 (part A of figure 7-8). 
We locate panel P2 and terminal board TB3 
and terminals 1 and 5 (part B of figure 7-8). 
We apply our test leads across terminals 1 and 
5 and this time our meter reads zero volts. We 
know that we must have a complete circuit in 
order for current to flow. The zero voltage 
reading indicates to us that we have an open 
circuit or a loose connection between BX1 and 
panel P-2. 

LOOSE CONNECTIONS. —Troubles resulting 
from loose or open connections caused by shock 
or wear become noticeable through faulty oper¬ 
ation or complete failure of the equipment con¬ 
cerned. Evidence of a loose connection could be 
a burned area around a terminal connection caused 
by arcing. Many circuit casualties caused by loose 
terminal connections occur after Ordalts, Ship- 
alts, or field changes are performed on electrical 
equipment. It always is a good idea to check all 
terminal connections after a yard period or 
every time ordnance equipment has been worked 
on by either the ship’s force or yard personnel. 
By checking the connections at TB-3 in P2 
panel we find that our problem lies at TB-3-1. 
The terminal screw for the terminal lug at 
terminal 1 was missing and wire WS101 was off 
the terminal connection causing an open current. 
After replacing wire WS101 and ensuring that 
the terminal screw is secured properly, we 
find that indicating light L-6 is now lit. 

To make certain that the circuit is working 
properly, all we have to do is depress start 
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button SM-1, this action starts both the train 
and elevation motors (fig. 7-7) and our circuit 
is back to normal. 

WARNING: Exercise extreme care 
when working on electrical circuits. 
Always remove power sources and re¬ 
move fuses before replacing wires or 
circuit components. 

CURRENT MEASUREMENTS 

Unless an ammeter is already an integral 
part of a circuit, current measurements are 
rarely taken when troubleshooting ordnance equip¬ 
ment. If current measurements are taken the 
meter is placed in series with the circuit under 
test. One example of taking current readings would 
be to check the output of a drive motor field 
control windings. For a 3"/50gun system, this is 
done by the following steps. (Refer to figure 7-11.) 

1. With the circuit breaker open, disconnect 
the lead at terminal FC14(FC11) of the motor 
field control. Set up a multimeter to take direct- 
current (DC) ammeter readings (2.0 amp scale). 
Connect the negative terminal of the meter to 
terminal 11 (14) of the field control and the 
positive terminal of the meter to the disconnected 
lead FC11(FC14). 

2. Close the circuit breaker, place the control 
selector switch in local-surface position, and 
press the start button. 

3. When the equipment is energized, check 
the reading of the ammeter. It should read 
about 1.4 amperes. If the meter reads higher 


MOTOR FIELD 



Figure 7-11. — Checking motor field control. 


or lower an adjustment of the excitation voltage 
of the motor field control windings would be 
necessary. 

This kind of test usually is performed during 
a regular maintenance action. 

Ground Detection Indicator 

Another type of current measuring device 
you should be familiar with is the ground de¬ 
tection indicator. A ground detection indicator 
is a continuous monitoring system designed to 
detect a first ground. Because the power dis¬ 
tribution and control circuits are powered by 
ungrounded currents, the first ground will not 
always cause a malfunction. However, if the first 
ground is not discovered, and a second develops, 
the result could be an illogical and destructive 
sequence of gun mount operation. The reason 
for this action is that the two grounds act as an 
electrical conductor between the grounded com¬ 
ponents. A ground detection indicator will pro¬ 
duce audio and visual indications if a gun system 
develops a short or ground. 

For example, if a ground were to occur in 
the 5"/54 automatic loading system, and it was 
not corrected, perhaps nothing would happen. 
Operations might be normal. If a second ground 
develops, however, and some safety interlocks 
are energized due to the grounded circuit, the 
equipment could be damaged and personnel might 
be injured. 

The elimination of grounds and potential 
grounds is preventive maintenance and the re¬ 
sponsibility of gun crews. 

When the ground detector indicator indicates 
that some part of the gun system is grounded, 
the Gunner's Mate must determine the location 
and cause of the ground. To do this, he uses his 
multimeter. Ground detection indicators are being 
installed on all new gun and missile systems. 


TRANSISTORS 

A transistor is a solid state device constructed 
of semiconductor materials. Transistors are ca¬ 
pable of performing many of the functions of 
different types of electronic and electrical com¬ 
ponents such as, electron tubes, interlock relays, 
switches, control relays, and current amplifiers. 

In many cases, transistors are more desirable 
than tubes for ordnance equipment because they 
are smaller, require no warmup power, and op- 
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erate at low voltages with comparatively high 
efficiency. 

Semiconductors are the basic components of 
a transistor. How these materials behave and the 
electrical conduction properties which give the 
transistor its basic characteristics is explained 
in Basic Electronics, NavPers 10087. 

In some ways, an electron tube and tran¬ 
sistor are similar, (electron tubes are ex¬ 
plained in Basic Eelectonics, NavPers 10087). 
Both have three elements as illustrated in figure 
7-12, and the functions of these elements can be 
compared. 

In the electron tube the three elements are: 

1. The cathode, which gives off, or emits, 
electrons. 

2. The grid, which controls the flow of elec¬ 
trons. 

3. The plate, which attracts or collects, 
electrons. 

In the transistor the three elements are: 

1. The emitter, which gives off, or emits, 
current carriers (electrons or holes). 



(A) TRIODE ELECTRON-..TUBE 


BASE* 






COLLECTOR 


EMITTER 


(B) DEVICE AND SCHEMATIC SYMBOL : NPN 



BASE' 


m 


m 


COLLECTOR 


EMITTER 


(C) DEVICE AND SCHEMATIC SYMBOL = PNP 



1.280(84A) 

Figure 7-12. —Element comparison of tubes and 
transistors. 


2. The base,,which controls flow of current 
carriers. 

3. The collector, which collects current car¬ 
riers. 

Transistors are classed as PNP or NPN, 
according to the arrangement of impurities in 
the crystal. The collector of the PNP tran¬ 
sistor collects holes, whereas the collector of 
the NPN transistor collects electrons. The sche¬ 
matic symbols for both types are similar, butnot 
identical, as illustrated in figure 7-12. A heavy 
straight line represents the base, and the two 
lines slanted toward the base represent emitter 
and collector terminals. An arrow-head in the 
emitter line always points toward the N-type 
material and against the direction of electron 





GROUNDED COLLECTOR 


72.36 

Figure 7-13. —Basic circuits. 
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flow (+ to -). Thus, if the arrow points toward 
the base line, the base is of N-type material. 
Since the base is always of the opposite type of 
material from emitter and collector, the trans¬ 
istor is of the PNP type. Similarly, if the 
arrow points away from the base line (toward 
the emitter), the transistor is of the NPN type. 
In other words, the arrow points toward the 
base in PNP transistors and away from the base 
in NPN transistors, (fig. 7-12). 

Transistors are generally connected in one 
of three basic circuits (fig. 7-13). These circuits 
are the (1) grounded-emitter, (2) grounded-base, 
and (3) grounded-collector. The circuits are 
shown here merely to point out the three most 
common transistor circuit arrangements. 

Notice that all three of these circuits have a 
common feature. The signal is always applied 
between the base and the emitter. By controlling 
this junction with forward or reverse bias we 
regulate current flow in the output circuit. 

Transistors and semiconductor devices are 
explained in detail in Basic Electronics, Nav- 
Pers 10087. 

Solid State Circuits 

Figure 7-14 illustrates part of a solid state 
switching circuit used in the 5”/54 Mk 9 gun 
system. Two types of transistors are used. The 
NPN transistors serve as switching elements; 
the one PNP transistor functions as the output 
transistor for that circuit. Since a transistor, 
like a simple switch, is characterized by a low 
resistance to current flow when it is closed and 
a high resistance when it is opened, they can be 
used as switches in a solid state electrical 
circuit. Transistors used as switches are op¬ 
erated in one of two conditions: The transistor 
is cut off (nonconducting) to open a circuit or the 
transistor is saturated (conducting heavily) to 
close a circuit. Under these conditions, it acts 
as a simple on-off toggle switch. The transistors 
illustrated in figure 7-14 are saturated or cut 
off by properly biasing them for the desired con¬ 
dition of operation. 

In the following discussion of the functions of 
a solid state circuit only two transistors will be 
used. It must be remembered that in order for 
that circuit to function properly all of the tran¬ 
sistor switches in the circuit must conduct at the 
same time to provide a single path for current 
flow. The two large circles shown in figure 7-14 
show two transistors and one relay. These ele¬ 
ments have been put into simple circuit that will 
help you follow current flow during our discussion. 


Part A of figure 7-15 shows the electrical and 
electronic elements that are circled in figure 7-14, 
with the exception of switch SM-1. The switch 
has been added in order to illustrate how this 
circuit works. For the purpose of explanation 
SM-1 is designated as the train start pushbutton. 
The purpose of the circuits in figure 7-14 and 
figure 7-15 is to energize a contactor for the 
train motor. This is the electric drive motor for 
the CAB hydraulic system used in the training 
mechanism of the 5"/54 Mk 9 gun system. 

The control relay shown in figure 7-15 is 
part of the circuit to the train motor and when 
energized will complete the circuit that ener¬ 
gizes KPTI (figure 7-14) which is the train 
contactor to the train motor BPTI. The purpose 
of Part B of figure 7-15 is to show how a 
transistor resembles a switch. When these 
switches are closed current will flow and the 
relay in that circuit will energize. By using both 
parts of figure 7-15 you should be able to 
understand more easily how current in this 
type circuit flows from the negative side to 
the positive side of the 24v DC input. Current 
flow is designated by the direction of the arrows. 

When the train start pushbutton (SM-1) is 
depressed a positive bias voltage will be present 
at the base of transistor Ql. This voltage forward 
biases the transistor in the base circuit causing 
bias current to flow in the base circuit, placing 
a positive voltage on the base of Ql. This bias 
voltage fires (closes the switch) transistor Ql. 
Current from the 24v DC supply will flow 
(solid arrow) from the negative side (wire WS-1) 
through Ql to the voltage divider resistors R-2 
and R-3 and back to the positive side of the 24v 
DC supply (wire WS-2). These resistors are used 
to provide the proper bias voltage to fire tran¬ 
sistor Q2. When current flows through the volt¬ 
age divider R-2 and R-3, a negative voltage is 
developed between the base of Q2 and its emitter. 
This forward bias causes Q2 to conduct. 

Transistor Q2 in this circuit is the output 
transistor and is used to perform the work, that 
is, to energize the relay in the circuit. When 
Q2 is properly biased, current in the second part 
of the circuit flows (dotted line) from the neg¬ 
ative side of the 24v DC supply (wire WS-1) 
through the relay and resistor R-4 and through 
Q2 to the positive side of the 24v DC supply 
(wire WS-2). There are two basic circuits that 
make up this type of solid state system. Tran¬ 
sistor Ql acts as an interlock for the output 
transistor Q2. This part of the circuit prevents 
starting the train motor until all the safety inter¬ 
locks have been met. The circuit from transistor 
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Figure 7-14. —Train start circuit. 
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84.338 

Figure 7-15. —Basic solid state circuit. 


Q2 serves as the relay supply that energizes 
the control relay to the train contactor KPTI. 

Notice in figure 7-14 there are several other 
transistors in series with the transistors used 
as Q1 in figure 7-15. In order for current to 
flow through Q1 to develop a forward bias for 
Q2, all the transistors in series with Q1 must 
be forward biased. 

Servicing Notes 

Semiconductors, like electron tubes, are avail¬ 
able in a large variety of types, each with its 
own unique characteristics. The characteristics 
of each of these devices are usually presented 
in specification sheets, or they may be included 
in tube or transistor manuals. The specifications 
include (1) a general description of the device, 


(2) the kind of semiconductor materials used, 

(3) some common applications of the device, 

(4) absolute maximum ratings, (5) collector 
power dissipation, (6) Alpha or Beta of the device, 
which are sometimes called the current transfer 
ratio, (7) the leakage current from collector to 
base when no emitter current flows (called 
collector current cutoff), and (8) additional in¬ 
formation for engineering design purposes. The 
technician should know the semiconductor speci¬ 
fications before attempting a test to determine 
the quality of the device. 

A standardized system of numbers and letters 
is used for designating diodes and transistors. 

1. The first number indicates the number of 
junctions. Thus, 1 designates a diode (1 junction), 
2 designates a transistor triode (which may be 
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Figure 7-16. —Transistor lead identification and transistor testing. 


considered as made up of two diodes, the emitter- 
base and base-collector diodes), 3 designates a 
semiconductor tetrode (a four-element transistor 
with 3 junctions). 

2. The letter N following the first number 
indicates a semiconductor. 

3. The 2- or 3-digit number following the 
letter N has no particular significance, except 
that it indicates the order of registration. When 
this number is followed by a letter, it indicates 
a leter, improved version. 


Thus, a semiconductor designated as type 
2N345A signifies that it is a 2-junction (3-element) 
transistor of semiconductor material, and that it 
is an improved version of type 345. 

The arrangement and coding of transistor leads 
are shown in figure 7-16, A through E. 

Figure 7-16A shows a transistor in an oval 
case. The collector lead is identified by a wide 
space between it and the base lead, which, in 
turn, is followed by the emitter lead. 

The transistor at B is contained in a round 
case with the three leads in line and equally 
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spaced. The collector lead is marked on the 
case by means of a color dot, usually red. The 
other two leads are the base and emitter (2 
and 3, respectively). 

In figure 7-16C, the collector lead is marked 
by a red line on the case. The base and emitter 
leads follow clockwise around the device, in 
that order. 

The leads on the transistor shown at D are 
located at three points of a quadrant. When 
viewed from the bottom in a clockwise direction, 
the first lead following the blank space (1) is 
the emitter, followed by the base (2) and the col¬ 
lector (3). 

Figure 7-16 E shows a conventional power 
transistor. Here, the collector is connected to 
the mounting base, the mounting bolt forming the 
conductor for the collector. The base lead is 
identified by its green sleeving. Connecting one 
of the transistor elements (the collector in this 
case) to the mounting base provides additional 
cooling. 

Although generally more rugged than the elec¬ 
tron tube, the transistor is affected by electrical 
shock, heat, humidity, and excessive radiation. 

Transistors may be damaged beyond repair 
by applying the incorrect polarity to the collector 
circuit or excessive voltage to the input circuit. 
Careless soldering techniques that overheat the 
transistor can also severely damage the device. 

One of the most frequent causes of damage 
to a transistor is the electrostatic discharge 
from the human body when the device is handled. 
Such damage may be avoided by discharging 
the body to the chassis containing the tran¬ 
sistor before the repair procedure begins. 

Small-sized tools should be used when ser¬ 
vicing transistors and their associated circuit 
components. Small cutting pliers and needle-nose 
pliers are more useful than the conventional 
sizes. Narrow-blade screwdrivers are more 
useful than the larger types. A sharp-pointed 
thin metal probe is helpful in cleaning solder 
from small openings or areas. Soldering is per¬ 
formed more satisfactorily with a small low- 
voltage soldering iron or pencil (35 to 40 watts) 
having a narrow point or wedge. 

The following precautions should be taken 
when it becomes necessary to replace a tran¬ 
sistor which is soldered in the circuit. Before 
removing the old transistor, note the orientation 
of the collector, base and emitter leads. Cut 
the leads of the new transistor to the proper 
length, using sharp cutters to prevent undue stress 
on the leads entering the transistor. Then, with 
the transistor properly positioned, solder the 


leads to the connections, using the proper solder 
and soldering iron, and a heat sink. 

TROUBL ESHOOTING 
TRANSISTOR CIRCUITS 

To find a bad transistor in a circuit use the 
same methods for locating any other defective 
component. The first step in checking for trouble 
in transistor circuits is a thorough inspection 
of the equipment. Loose connections, broken 
leads, corroded terminal connections and other 
common type circuit problems should be corrected 
before checking for a bad transistor. Because 
the transistor is one of the most reliable com¬ 
ponents of a circuit, it should be the last to be 
suspected for causing circuit failures. If a 
transistor is suspected of causing trouble, how¬ 
ever, the easy way to correct the problem is to 
replace the transistor. 

If the new transistor restores the circuit to 
proper operation the transistor that it replaced 
was the cause of the trouble. 

CAUTION: Never remove or replace a tran¬ 
sistor while the power source is connected to 
the circuit. Failure to observe this caution may 
result in damage to the transistor from a surge 
(rise) in current within the circuit. 

Because some types of transistors are plug¬ 
in types the above caution should always be 
observed. It is easy to forget to secure power 
sources when working with plug-in type tran¬ 
sistors. 

If the new transistor is damaged when placed 
into a circuit, the circuit must be checked for 
defects that caused the damage. However, if 
he transistor itself is suspected, it can be 
removed from the equipment for testing. In 
equipment employing sockets for the transistor, 
it is only necessary, to remove the transistor 
from the socket (plug-in type). If the transistor 
is soldered, extreme care must be taken to 
prevent damage to the transistor from heat of 
the soldering iron when unsoldering the tran¬ 
sistor. 

Resistance Tests 

A check can be made of a transistor by means 
of a multimeter. There are two general reasons 
for testing a transistor. First, you want to 
know whether a known transistor is good, or 
second, you may have an unmarked transistor 
and want to know its type (NPN or PNP). 
Connections for these tests are shown in figure 
7-16F through I. 


268 


Digitized by 


Google 


Chapter 7—ELECTRICAL AND ELECTRONIC CIRCUIT ANALYSIS 


Connect the positive ohmmeter lead to the 
base of a transistor (F in figure 7-16). If a 
high resistance reading (50,000 ohms or higher) 
is obtained between the base and emitter and the 
base and collector, the transistor is a PNP type. 
If a low reading (500 ohms or less) is obtained 
the transistor is a NPN type, (G in fig. 7-16). 
If the negative ohmmeter lead is connected to 
the base of the transistor as shown in H and I of 
figure 7-16, the results would be reversed. If 
the correct resistance readings are not obtained 
from the ohmmeter test, the transistor should 
be replaced. 

Short Circuits Tests 

To make a test to determine whether shorts 
of decreased resistance between elements have 
occurred, the resistance ratios from emitter to 
base and collector to base should be 500 to 1 
or more. The direction of the ratio depends on 
whether the transistor is an NPN or PNP type. 
The resistance from collector to emitter should 
be nearly the same when measured in either di¬ 
rection. When making this test, ohmmeter read¬ 
ings should be taken in both directions (reverse 
the test leads). 

The resistance readings in both directions 
from emitter to collector should be fairly high. 
If both of these readings are very low, the tran¬ 
sistor is shorted. 

Test Equipment 
Specifications 

A multimeter which passes a current of more 
than 1 milliampere through a transistor cannot 
be used safely when testing transistors. Many 
transistors are designed to operate in low-voltage 
circuits. Multimeter AN/PSM-4 uses a battery 
power supply of 1.5VDC and 22.5VDC. When 
using this meter make sure that the voltage used 
never exceeds the voltage ratings of the tran¬ 
sistor under test. If there is any doubt at all, 
use another meter to measure the voltage across 
the ohmmeter leads on each resistance range. 
This measurement must be made with a volt¬ 
meter having a low resistance such as a VTVM. 
For further information on transistor trouble¬ 
shooting, refer to Basic Electronics NavPers 
10087. 

SYNCHRO CIRCUITS 

A synchro resembles an electric motor and 
like an electric motor is a basic electric mech¬ 


anism. Chapter 13 of this rate training manual 
explains servo-systems related to gun fire control 
systems. In order for you to be able to understand 
these systems you must have the background 
information about synchros. 

United States Navy Synchros, Description and 
Operation Handbook, MIL-HDBK-225 (AS), and 
Synchro, Servo and Gyro Fundamentals, NavPers 
10105, explain the types, principles, and functions 
of all synchros. You are urged to read those 
publications before taking up synchros in this 
section. 

Synchro is the name given to a wide variety 
of position-sensing devices used to convert me¬ 
chanical signals to electrical signals or to con¬ 
vert electrical signals to mechanical signals. The 
name synchro comes from the word synchronize, 
which means "to happen or take place at the 
same time." All synchros are self-synchronous; 
hence, the name is most descriptive of their 
basic action. 

PURPOSE OF SYNCHROS 

The purpose of synchros is the precise and 
rapid transmission of data among equipments and 
stations. The change in course, speed, and range 
of targets and the changes in a ships position 
related to a targets position must be acted upon in 
a minimum of time. Speed and accuracty of data 
transmission are most important. Without the 
position-sensing device known as the synchro, the 
offensive and defensive capability of the Fleet 
would be greatly limited. Navy ships rely on 
synchros for rapid data transmission within wea¬ 
pon systems in such equipments as computers, 
fuze setter, sightsetters, gun, turret, rocket/ 
missile launchers, and radar power drives. In 
many cases, the data is presented as visual in¬ 
formation and acted upon by operating personnel, 
such as a sight setter in a gun mount. 

ADVANTAGES OF SYNCHROS 

The flexibility of synchros over mechanical 
mechanisms such as gearing and shafting gives 
them marked advantages, for example: 

1. The controlling unit can be a long distance 
from the controlled unit. 

2. Any obstacle in the path can easily be 
bypassed by leading connecting wires 
around it. 

3. The synchro system uses very little elec¬ 
trical power and eliminates the necessity 
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of mechanical linkages between widely sep¬ 
arated units. 

Besides the advantages of using synchros 
over mechanical mechanisms there are other 
advantages, they: 

1. Provide continuous, accurate and visual 
reproduction of important or need-to-know 
information between widely separated 
stations. 

2. Have good reliability, allowing minimum 
maintenance. 

3. Are small in size, providing a significant 
saving in space and weight. 

4. Have a wide adaptability without sacrificing 
precision. 

Synchro systems are important in the field 
of ordnance, in the control of naval weapons, 
because of their accuracy and speed. Experience 
with naval - weapons control and operation of 
ordnance readily prove the importance of the 
synchro mechanism. A point to remember is that 
naval weapons controlled from remote stations 
must use synchro systems for their control. A 
well-placed shot can save many lives, and the 
accuracy of a weapon depends upon the correct 
operation of the synchro system. 

Classification of Synchros 

Synchros work in teams. Two or more syn¬ 
chros interconnected electrically form a synchro 
circuit. Basically, synchros can be divided into 
three classifications: 

1. Transmitters 

2. Receivers. 

3. Differentials 

The synchro transmitter is located at the con¬ 
trolling station and its output is an electrical 
order signal. These synchros were originally 
called "synchro generators," but are now func¬ 
tionally classified into the following two types*. 

1. Torque transmitter (TX) 

2. Control transmitter (CX) 

Torque and control transmitters are mechan¬ 
ically identical. However, the types of systems in 
which they are used differ. Torque transmitters 
are used in systems that require a mechanical 
output (dials, etc.), while control transmitters 


are used in systems that require an electrical 
output. 

The synchro receiver is located at the station 
being controlled and its output can be either 
electrical or mechanical, depending on the type 
of synchro used. These synchros are functionally 
classified into the following types*. 

1. Torque receiver (TR) 

2. Control transformer (CT) 

Torque receivers are used where the rotors 
must perform a mechanical function, such as 
positioning a dial or valve. The main difference 
between torque receivers and torque transmitters 
is in their rotors. Rotors of torque receivers have 
a damper, while rotors of torque transmitters 
do not. Torque receivers were originally known 
as "synchro motors." 

Control transformers are used where an 
electrical signal output is requird. It is safe 
to say that all power drives controlled by amp¬ 
lifiers also have control transformers. 

The synchro differential is used to add or 
subtract two signals and to transmit the result 
either to another synchro or as a mechanical 
output. In either case, the differential can always 
be identified by its rotor (R) leads. All other 
synchros have only two rotor leads, while the 
differential has three. Functionally, differentials 
are classified as follows: 

1. Torque differential transmitter (TDX). 

2. Control differential transmitter (CDX) 

3. Torque differential receiver (TDR) 

MECHANICAL DAMPER. — A mechanical de¬ 
vice known as an inertia damper is used to pre¬ 
vent oscillation or spinning when the synchro 
receiver’s rotor turns in response to a sudden 
change of a received signal. The most common 
type of inertia damper consists of a heavy brass 
flywheel which is free to rotate around a bushing 
attached to the rotor shaft. A tension spring on 
the bushing rubs against the flywheel so that they 
turn together during normal operation. If the rotor 
shaft tends to change its speed or direction of 
rotation suddenly, the inertia of the damper op¬ 
poses the changing conditions, and the resulting 
friction between the spring and the flywheel damps 
the tendency to oscillate. Because of the inertia 
damper, receiver and transmitter synchros are 
not completely interchangeable; a receiver may 
be used as a transmitter, but a transmitter is not 
suitable for use as a receiver. 


270 


Digitized by v^. ooQle 




Chapter 7 —ELECTRICAL AND ELECTRONIC CIRCUIT ANALYSIS 


TRANSMITTERS, RECEIVERS 

CONTROL TRANSFORMERS DIFFERENTIALS 




(B) 
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Figure 7-17. — Schematic symbols for synchros. 


Synchro Symbols 

A synchro consists of a rotor (R) and a 
stator (S). The letters R and S are used to 
identify rotor and stator connections both on 
the synchro and in wiring diagrams and sche¬ 
matics. Synchros are represented by the symbols 
shown in figure 7-17. The symbols shown in 
parts (A) and (B) are used when it is necessary 
to show only the external connections to a synchro, 
while those shown in parts (C), (D), and (E) are 
used when it is important to see the positional 
relationship between rotor and stator. The small 
arrows on the rotors in parts (C), (D), and (E) 
indicate angular displacement of the rotor; in this 
illustration the displacement is zero. 

Synchro Terms 

Some standard synchro terms that will be 
encountered are defined in the following text: 

1. Rotor position: Amount of rotor offset from 
zero position, measured in degrees, minutes, or 
seconds. 


2. Electrical zero: Standard position used as 
the electrical reference point from which all 
angular displacements are measured (not nec¬ 
essarily the zero position of the dial). 

3. Angular position: Counterclockwise (viewed 
from the shaft extension end) angular rotor dis¬ 
placement from electrical zero position. 

4. Direction of rotation*. Clockwise or counter¬ 
clockwise rotor rotation, determined when facing 
the shaft extension end of the synchro. 

5. Increasing reading: Reading transmitted to 
a synchro when numerical value of the information 
transmitted increases. 

BASIC PRINCIPLES 
OF SYNCHROS 

Synchros are electromagnetic devices; there¬ 
fore, a review of magnetism will be necessary 
in order to understand synchro principles. 

A bar magnet illustrates magnetic fluid and 
pole relationship of the synchro. The lines of force 


271 


Digitized by L^OOQLe 


GUNNER'S MATE G 3 & 2 




147.121(84A) 

Figure 7-18. —Repulsion and attraction. 


flow from south pole to north pole inside the 
magnet, as shown in figure 7-18. 

Two bar magnets, shown in figure 7-18, 
illustrate the actions of like and unlike poles 
in bar magnets. 

Three bar magnets, spaced 120° apart, and 
a movable bar magnet free to pivot within the 
ring of mounted magnets show basic synchro 
principles. (See figure 7-19). If the ring of three 
magnets if fixed, the single pivoted magnet moves 
so that its south pole, is in line with the north 
pole of magnet #1. Since its north pole is attracted 
equally by the south poles of magnets 2 and 3, 
it will remain between the two. The pivoted mag¬ 
net, therefore, aligns itself with magnet #1. 
The three magnetic fields combine to form one 
resultant magnetic field. If the three magnets 
are now rotated 120° and held in that position, 
the resultant magnetic field is also rotated 
through 120°. The pivoted bar magnet will turn 
in the same direction so that it remains aligned 
with the resultant magnetic field of the three 
magnets. This illustrates the action of a synchro 
receiver. 

Three DC electromagnets could be used in 
place of the three permanent magnets mounted 
on the ring, and the effect on the magnet pivoted 
in the center would be the same. By feeding 
the proper amount of current in, the proper 
bar magnet can be made to rotate in either 
direction. The permanent magnet pivoted in 
the center could also be replaced by an electro¬ 
magnet. 


Because synchros operate on AC voltages, 
the magnet (Rl, R2) pivoted in the center is 
energized by an AC source; the fixed magnets 
(SI, S2, S3) are also energized by the AC source 
through another set of coils. The arrangement 
is shown in figure 7-20. 

The pivoted electromagnet will react in the 
same manner as the bar magnet did when DC 
voltage was applied. The pivoted electromagnet 
will assume a position that depends upon the 
magnetic field established by the stator coils. 

If 115 volts AC is applied to the rotor, at a 
given instant the flux takes the directions shown 
by the arrows in figure 7-21. Both flux loops cut 
the S2 winding, but only one cuts the SI and S3 
windings. If a voltmeter could be placed directly 
across the S2 winding, it would indicate 52 volts; 
across the SI and S3 windings it would indicate 
26 volts. 

The coils of the stator are Y-connected (shown 
upside down in these illustrations). The stem of 
the Y is one coil and the branches of the Y are 
two other coils. They have a common connection, 
but no lead is brought out from this point. 

SYNCHRO SYSTEM 

Torque synchro transmitters and receivers 
are used often in ordnance equipment to transmit 
information electrically from one point to another. 
The synchro transmitter sends out the signal and 
the synchro receiver receives it. 
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12.163.2 

Figure 7-20. —Synchro primary magnetic field. 


FREE TURNING 
MAGNET 
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RING OF 

MAGNETS 
TURN AS UNIT 

84.339 

Figure 7-19. —Pivoted bar magnet. 

These synchros are connected in such a way 
that any amount of rotation of the transmitter 
rotor causes the rotor of the receiver to turn 
the same amount. The receiver either indicates 
the value of the signal by turning a dial, as shown 
in figure 7-22, or positions a light mechanical 
load, such as the valves shown in figure 7-23. 

If it is desired that a director control a gun 
by use of a torque synchro system, the trans¬ 
mitter rotor will be geared to the director so that 
when the director is moved the rotor of the 
transmitter is also moved. An electrical signal, 
representing the amount of rotation of the trans- 





84.340 

Figure 7-21. —Effective stator voltages. 
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Figure 7-22. —Simple torque synchro system. 

mitter rotor, is transmitted over wires to a 
synchro receiver located at the gun. This signal 
causes the rotor of the synchro receiver to 
turn, or attempt to turn, the same amount that 
the transmitter rotor has turned. If the synchro 
receiver is connected to a power drive through a 
servosystem, as shown in figure 7-24, it will 
control the drive and thereby cause the gun to 
turn the same amount as the director. 



power drive. 


In synchro transmission, any movement of 
the rotor in the torque synchro transmitter 
produces a corresponding movement of the rotor 
in the torque synchro receiver. The position of 
the rotor of a synchro receiver always conforms 
to the position of the rotor in a synchro trans¬ 
mitter. 

If reversing the direction of rotation of a 
receiver becomes necessary, it is done by inter¬ 
changing stator leads SI and S3. S2 represents 
electrical zero. Changing the S2 lead would in¬ 
troduce an error of 120°. 

ELECTRICAL ZERO 

If synchros are to work together properly 
in a system, it is essential that they be cor- 
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12.163(84A) 
Figure 7-25. — System zero. 


rectly connected and aligned in respect to each 
other, and to the other devices, such as direc¬ 
tors and guns, with which they are used. Need¬ 
less to say, the best of ordnance equipment 
would be ineffective if the synchros in the data 
transmission circuits were misaligned elec¬ 
trically or mechanically. Since synchros are 
the heart of the transmission systems, it only 
stands to reason that they must be properly 
connected and aligned before any satisfactory 
shooting can be expected. 

Electrical zero is the reference point for 
alignment of all synchro units. The mechanical 
reference point for the units connected to the 
synchros depends upon the particular applica¬ 
tion of the synchro system. As a GM, on board 
ship, your primary concern with mechanical 
reference point will be the centerline of the ship 
for gun train and the standard reference plane 
for gun elevation. Remember, that whatever the 
system, the electrical and mechanical reference 
points must be aligned with each other. 

A typical example of proper alignment is a 
TX-TR synchro team coupled to a gun director, 
adjusted so that the gun position can be read on 
the TR dial. The gun director is at zero when the 
gun points directly toward the ship's bow (fig. 
7-25). A TX is coupled mechanically to the dir¬ 
ector, and a TR is connected electrically to the TX. 
If this system were set up without paying any 
attention to the position of the TX rotor, it 


would indicate the gun position accurately if 
the TR dial was set on zero when the gun di¬ 
rector read zero. If the same synchros re¬ 
mained in the same system, it would not be 
necessary to position them more accurately. 
Sometimes TRs and TXs become defective and 
must be replaced. If another TX were put into 
this system, without checking the TR dial, its 
rotor probably would be positioned differently 
from that of the original TX. The TR would 
follow the new TX, and the TR dial would 
read incorrectly. To overcome this difficulty, 
a zero degree point is needed which is standard 
for all synchros. In the preceding example of the 
gun director, the system first should have been 
aligned so that all synchro rotors were at elec¬ 
trical zero, and all dials read zero, when the 
gun director was on zero degrees. Then, any syn¬ 
chro could be replaced, without introducing error 
into the system, by installing the new syn¬ 
chro with its rotor on electrical zero when 
the gun director was on zero degrees. The 
electrical zero provides a standard way of 
aligning synchro units when they are connected 
together in a synchro system. 

There are two ways in which this alignment 
can be accomplished. The most difficult way is 
to have two men, one at the transmitter and one 
at the receiver or control transformer, adjust 
the synchros while talking over sound power 
telephones or some other communication device. 
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The better way is to align all the synchros to 
electrical zero. Units may be zeroed individ¬ 
ually, and only one man is required to do the 
work. Another advantage of using electrical zero 
is that trouble in the system always shows up 
in the same way. For example, in a properly 
zeroed TX-TR system, a short circuit from S2 
to S3 causes all receiver dials to stop at 60 or 
240 degrees. 

In summary, zeroing a synchro means ad¬ 
justing it mechanically so that it will work 
properly in a system in which all other synchros 
are zeroed. This mechanical adjustment is ac¬ 
complished normally by physically turning the 
synchro rotor or stator. Navy Handbook MIL- 
HDBK-225 (AS) describes standard mounting 
hardware and gives simple methods for physically 
adjusting synchros to electrical zero. 


ELECTRICAL ZERO 
CONDITIONS 


For any given rotor position there is a 
definite set of stator voltages. One such rotor- 
position-stator-voltage conditon can be estab¬ 
lished as an arbitrary reference point for all 
synchros which are electrically identical. Spe¬ 
cific definitions for electrical zero are given 
here. 


Transmitters And Receivers 


A synchro transmitter, CX or TX, is zeroed 
if electrical zero voltages exist when the unit 
whose position the CX or TX transmits is set to 
its mechanical reference point. A synchro re¬ 
ceiver, TR, is zeroed if, when electrical zero 
voltages exist, the device actuated by the re¬ 
ceiver assumes its mechanical reference posi¬ 
tion. In a receiver or other unit having a 
rotatable stator, the zero position is the same, 
with the added provision that the unit to which 
the stator is geared is set to its reference 
position. In the electrical zero position, the axes 
of the rotor coil and the S2 coil are at zero 
displacement, and the voltage measured between 
terminals SI and S3 will be minimum. The 
voltages from S2 to SI and from S2 to S3 are 
in phase with excitation voltage across R1 to 
R2. The actual terminal voltages should be as 
follows: 


115-Volt Synchros 26-Volt Synchros 


R1 to R2 
S2 to SI 
S2 to S3 
SI to S3 


115 volts 
78 volts 
78 volts 
zero volts 


R1 to R2 
S2 to SI 
S2 to S3 
SI to S3 


26 volts 
10.2 volts 
10.2 volts 
zero volts 


Differential 

A differential is zeroed if the unit can be in¬ 
serted into a system without introducing a change 
in the system. In the electrical zero position 
the axes of coils R2 and S2 are at zero displace¬ 
ment. Terminal voltages are as follows: 


115-Volt Synchros 26-Volt Synchros 


R1 to R3 zero 

51 to S3 zero 
R3 to R2 78 
S3 to S2 78 
R2 to R1 78 

52 to SI 78 


volts 

R1 

to 

volts 

SI 

to 

volts 

R3 to 

volts 

S3 

to 

volts 

R2 

to 

volts 

S2 to 


R3 zero volts 
S3 zero volts 
R2 10.2 volts 
S2 10.2 volts 
R1 10.2 volts 
SI 10.2 volts 


Control Transformers 

A synchro control transformer is zeroed if 
its rotor voltage is minimum when electrical 
zero voltages are applied to its stator. Turning 
the CT's shaft slightly counterclockwise will 
produce a voltage between R1 and R2 which is 
in phase with the voltage between R1 and R2 of 
the CX or TX supplying excitation to the CT 
stator. Electrical zero voltages, for stator only, 
are the same as for transmitters and receivers. 

ZEROING PROCEDURES 

The procedure used for zeroing depends upon 
the facilities and tools available and how the 
synchros are connected in the system. The pro¬ 
cedures described in the following paragraphs 
show how synchros may be zeroed by use of 
only a voltmeter and neon lamps, two lamps 
and a headset, synchro testers, or other synchros 
in the system. When zeroing differentials and 
control transformers, it is helpful to have a 
source of 78 volts (10.2 volts for 26-volt units). 

Regardless of the method used, there are 
two major steps in each zeroing procedure: 
first, the coarse (or approximate) setting, and 
second, the fine setting. Many units are marked 
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in such a manner that the coarse setting may be 
approximated physically. On standard units, an 
arrow is stamped on the frame and a line is 
marked on the shaft extension, figure 7-26, 

Zeroing A Transmitter 

(CX or TX) Using A Voltmeter 

The most accurate results can be obtained 
by using an electronic or precision voltmeter 
having 0- to 250-volt ranges. On the 0- to 5-volt 
range the meter should be able to measure volt¬ 
ages as low as 0.1 volt. To zero a transmitter, 
proceed as follows: 

1. Set the unit, whose position the CX or 
TX transmits, accurately in its zero reference 
position. 

2. Remove all other connections from the 
transmitter's stator leads; set the voltmeter to 
its 0- to 250-volt scale; and connect as shown in 
figure 7-27A. 

3. Turn the rotor or stator until the meter 
reads about 37 volts (15 volts for 26-volt units). 
This is the approximate zero setting. 

4. Connect meter as shown in figure 7-27B, 
using 0- to 5-volt scale. 

5. Adjust rotor or stator for null, minimum 
reading. 

Zeroing A Torque Transmitter 
Using A Receiver Or Synchro Tester 

This method is less certain than those pre¬ 
viously described, because it is based on the 
assumption that the other synchro used is ac¬ 
curate, which may or may not be true. Synchro 
Tester Mk 2 all mods, described in Navy Hand¬ 
book MIL-HDBK-225(AS) is not sufficiently ac¬ 
curate to be relied on without question, and is 
for use on 115 volts, 60 Hz only. A receiver 
should also be checked to be sure it is at elec¬ 
trical zero when its dial reads zero or the ref¬ 
erence value. 

1. Connect the receiver or synchro tester 
to the transmitter as shown in figure 7-28. 

2. Set the unit whose position the TX trans¬ 
mits accurately in its zero or reference position. 
Turn the transmitter until the receiver or 
synchro tester dial reads 0 degree. The trans¬ 
mitter is now at approximate zero setting. 

3. Momentarily short SI to S3. If the re¬ 
ceiver or synchro tester dial moves when SI is 
shorted to S3 the transmitter is not zeroed; 
shift it slightly and try again. When the TX is 



0-250 VOLT RANGE 




53.26 

Figure 7-27. — Zeroing a TX or CX using a 
voltmeter. 
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Figure 7-28.— Zeroing a TX by using a TR. 


accurately zeroed, clamp it and reconnect for 
normal use. If the receiver dial does not read 
zero or the reference value, it is necessary to 
zero the receiver. 

Zeroing A Torque Receiver (TR) 

With A Free Rotor 

To zero a torque receiver with a free rotor 
proceed as follows: 

1. Disconnect stator leads and note normal 
connections for use when reconnecting. 




53.29 

Figure 7-29. — Zeroing a TR with a free rotor. 


2. Set voltmeter on 0- to 250-volt scale and 
connect as shown in figure 7-29A. 

3. Temporarily connect jumper between SI 
and S3 as shown by dotted line in figure 7-29A. 
Rotor will turn to 0° or 180 degrees. If meter 
reads about 40 volts (15 volts for 26-volt syn¬ 
chros), rotor is at 0°; proceed with step 4. 
If meter reads about 190 volts (38 volts for 
26-volt units), rotor is at 180°; with jumber 
disconnected between SI and S3, turn rotor to 
approximate zero setting. Reconnect jumper; 
now synchro should go to 0°; if meter reads 40 
volts (15 volts for 26-volt synchros), proceed 
with step 4. 

4. Connect meter as shown in figure 7-29B, 
using 0- to 5-volt range. 

5. Adjust rotor or stator for minimum volt¬ 
meter reading. 

If a voltmeter is not available, two 115-volt 
neon lamps connected in series may be sub¬ 
stituted for determining coarse setting. The 
neon lamps glow when the synchro is in the 
180-degree position. Two 115-volt filament lamps 
of 6-watt rating or less (two small 24-volt 
lamps for 26-volt system) may also be used; 
lamps' minimum brightness occurs with the 
rotor at 0°, and maximum brightness occurs 
with rotor at 180 degrees. 

Zeroing A Synchro Receiver 
By Electrical Lock 

If lead connections can be easily removed, 
remove all stator connections and reconnect as 
shown in figure 7-30. The shaft will definitely 
turn to 0 degree. Set the dial at its zero or 
reference position while the receiver is con¬ 
nected this way. If a source of 78 volts (10.2 
volts for 26-volt units) is not available, 115 
volts (15 volts for 26-volt units) may be con¬ 
nected to R1 and R2 providing it is not left 
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Figure 7-30.— Zeroing torque receiver by 
electrical lock. 

connected in this manner for more than 1 or 2 
minutes. Operation on higher than rated voltage 
causes the synchro to overheat. 

Zeroing A Differential 
Transmitter Using A Voltmeter 

A differential transmitter may be most ac¬ 
curately zeroed by using an a.c. voltmeter having 
0- to 250-volt and 0- to 5-volt ranges. The 
procedure is as follows: 

1. Set the unit, whose position the CDX or 
TDX transmits, accurately in its zero or ref¬ 
erence position. 

2. Remove all other connections from the 
differential leads, set the voltmeter on its 0- 
to 250-volt scale, and connect as shown in 
figure 7-31A. 

3. Unclamp the differential and turn it until 
the meter reads minimum. The differential is 
now on approximate electrical zero. Reconnect 
as shown in figure 7-31B. 




1.121(53) A 

Figure 7-31.—Zeroing a differential transmitter 
using a voltmeter. 

4. Set the voltmeter on the 0- to 5-volt 
scale, and turn the differential transmitter until 
a null reading is obtained. Clamp the differ¬ 
ential in this position, and reconnect all leads 
for normal operation. 

Zeroing A Torque Differential 
Transmitter Using A Receiver 
And A Torque Transmitter 

The transmitter and receiver used may be 
part of the system in which the differential is 
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used or separate units, such as Synchro Tester 
Mk 2 all mods. 

1. Check to see if the differential needs to 
be zeroed. First make sure the transmitter and 
receiver are correctly zeroed and the trans¬ 
mitter is held on 0° during adjustment. Con¬ 
nect as shown in figure 7-32. If the rceiver 
shaft moves when jumper A is connected from 
SI to S3, the transmitter is not on 0°; recheck. 


2. Set the unit, whose position the TDX 
transmits, accurately in its zero or reference 
position. Unclamp the differential and turn it 
until the receiver dial reads 0 degrees. The 
differential is now approximately on electrical 
zero. 

3. Connect jumper B (fig. 7-32) momen¬ 
tarily between receiver terminals SI and S3, and 
differential terminals R1 and R3. If the re¬ 
ceiver shaft moves when jumper B is connected, 
the differential is not on 0°; rotate the differen¬ 
tial slightly and try again. When the differential 
is zeroed, clamp it in position and remove 
jumpers. 

Zeroing A Torque Differential 
Receiver Whose Rotor Is Free 
To Turn 

When a TDR's rotor is not free to turn, it 
is necessary to use one of the methods described 
previously for a torque or control differential 
transmitter, but when the rotor is free to turn 
they may be connected as shown in figure 7-33. 
Procedure is as follows: 

1. Disconnect all other leads from differ¬ 
ential. 

2. Connect as shown in figure 7-33A. The 
rotor will turn to either 0° or 180° when a 
jumper, shown by the dotted line, is connected. 
If the meter reads about 28 volts (6 volts for 
26-volt synchros), the differential is on approx¬ 
imate electrical zero; proceed with step 3. If 
meter reads about 156 volts (20 volts for 26-volt 
units), synchro is on 180°; disconnect the jumper, 
turn rotor to 180°, and reconnect jumper for 
approximate zero setting. 
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3. Change the connections to agree with those 
shown in figure 7-33B. 

4. Rotate the synchro until the meter reading 
is minimum. 

If a voltmeter is not available, two 115-volt 
neon lamps connected in series may be substi¬ 
tuted, for 115-volt units only, in this procedure. 
The lamps do not light when the synchro assumes 
the electrical zero position, but do light when 
the synchro is on 180 degrees. 

Zeroing A Differential 
Receiver Using Two 
Zeroed Transmitters 

When a differential receiver is installed and 
cannot be easily disconnected, the following 
procedure may be used: 

1. Be sure that both transmitters are zeroed 
and set in their zero or reference positions. 

2. Connect temporary jumpers as shown in 
figure 7-34. 

3. With the jumpers connected, unclamp the 
differential and adjust so that the dial on TDR 
reads zero or reference value. After zeroing, 
clamp the differential and remove jumpers. 

If the differential receiver moves when the 
jumpers are connected, the transmitter on that 
side is not set to 0° and should be rechecked. 

Zeroing A Control 
Transformer Using An 
A.C. Voltmeter 

Using a voltmeter with a 0- to 250- and 0- 
to 5-volt scale, control transformers may be 
zeroed as follows: 

1. Remove connections from control trans¬ 
former and reconnect as shown in figure 7-35A. 

2. Turn the rotor or stator to obtain mini¬ 
mum voltage reading. 

3. Reconnect meter as shown in figur 7-35B, 
and adjust rotor or stator for minimum reading. 

4. Clamp the control transformer in position 
and reconnect all leads for normal use. 

The described zeroing methods apply to all 
standard synchros and prestandard Navy syn¬ 
chros. 

Before testing a new installation and before 
hunting trouble in an existing system, first be 
certain all units are zeroed. Also, be sure the 


devices mechanical position corresponding to 
electrical zero position is known before trying 
to zero the synchros. The mechanical reference 
position corresponding to electrical zero varies; 
therefore, it is suggested that the instruction 
books and other pertinent information be care¬ 
fully read before attempting to zero a particular 
synchro system. 

Troubles in synchro systems which have been 
in operation for some time are usually of two 
types. 

1. The interconnecting synchro wiring often 
passes through switches. At these points, open 
circuits, shorts, and grounds may occur. GM's 
are expected to trace down these troubles with 
a meter. An open circuit can be found by checking 
for continuity between two points. Similarly, a 
ground can be found by checking resistance be¬ 
tween the suspected point and ground. A reading 
of zero ohms means that the point in question 
is grounded. 

2. The synchros themselves may become 
defective, due to open and short circuits in the 
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Figure 7-35. —Zeroing a CT using a voltmeter. 
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windings, bad bearings, worn slip rings, or dirty 
brushes. The recommended remedy for this type 
of trouble is to replace the synchro and return 
it to an authorized repair shop. 

Troubles in new and modified synchro sys¬ 
tems are most often caused by improper wiring 
or misalignment, due to synchros not being 
zeroed. GM's are responsible for finding and cor¬ 
recting these troubles. Improper wiring can be 
checked with an ohmmeter by making a point- 
to-point continuity and resistance check. Mis¬ 
alignment of a synchro system can be corrected 
by realigning the entire system. 

Aside from zeroing and troubleshooting the 
interconnecting wiring, the two important points 
to remember about synchro maintenance are: 

1. If the synchro works, do not tamper with it. 

2. If the synchro is defective, return it to 
an authorized repair shop and replace it with 
another one. 

When trouble occurs in an installation con¬ 
taining many synchro systems, it may be very 
difficult to isolate this trouble to one particular 
system. Since it is vital that the maintenance 
man locate the point of trouble and fix it in 
as short a time as possible, indicators to aid 
him in locating the trouble quickly are included 
in the equipment. These indicators are usually 
signal lights mounted in a central control board 
and connected to the various synchro systems. 
When trouble occurs in a synchro system, the 
corresponding indicator light flashes. The main¬ 
tenance man can then identify the defective sys¬ 
tem by reading the name or number adjacent 
to the light. 


Maintenance And Troubleshooting 
Synchro Systems 

One of the duties aboard ship will be to 
keep the synchro systems that are used in 
ordnance equipment in good working order. This 
means that GM's must be familiar with the do's 
and don'ts of synchro maintenance and repair. 

The following is a list of actions that should 
not be taken. 

1. Do not attempt to zero a synchro system 
that is already accurately zeroed because of a 
desire for practice. Quite often this results in 
misalignments. 

2. Do not attempt to take a synchro apart, 
even if it is defective. A synchro is a piece of 
precision equipment which requires special equip¬ 
ment and techniques for disassembly. Repairs 
should be done only by qualified technicians in 
authorized repair shops. 

3. Never attempt to lubricate a synchro. 
A synchro, unlike an electric motor, does not 
require periodic lubrication. 

Signal lights indicate either overload con¬ 
ditions or blown fuses. An overload indicator 
is actuated by excess current flowing in the 
stator windings. In one form of indicator, a 
neon lamp is connected to the stator leads by 
means of two transformers, (fig. 7-36). The 
primary, consisting of a few turns of heavy wire, 
is in series with two of the stator leads; and 
the secondary, consisting of many turns of fine 
wire, is in series with the lamp. The turn ratio 
is such that when excess current flows through 
the stator windings, the neon lamp lights. For 
example, when the difference in rotor positions 
exceeds approximately 18°, the lamp lights, in¬ 
dicating that the load on the receiver shaft is 
excessive. 


NEON LAMP 
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Fuse indicators are panel lights that glow 
when a fuse in the rotor circuit blows. If ex¬ 
cessive current flows in the rotor windings due 
to a short circuit or excessive mechanical over¬ 
load, one of the fuses will blow and the neon 
lamp across that fuse will light, (fig. 7-37). 
Another type of blown fuse indicator uses a small 
transformer with two identical primaries and a 
secondary. With both fuses closed, equal currents 
flow through the primaries which induce mutually 
cancelling voltage in the secondary. If a fuse blows, 
the induced voltage from one primary is present 
in the secondary and the lamp lights. 

Synchro maintenance and troubleshooting is 
a very complex undertaking in modern ordnance 
equipment, and skilled personnel with ordnance 
rates work jointly to maintain the synchro sys¬ 
tems in a high degree of readiness. Navy Handbook 
MIL-HDBK-225( AS) is devoted to synchro troubles 
and should be used during analysis of synchro 
system casualties. The tables contained in this 
publication are useful tools for learning the 
many problems that may exist in synchro sys¬ 
tems. 

If the casualty exists in the transmitter, all 
receivers will be affected. If the casualty exists 
in a receiver, only that receiver will be affected, 
except in the case of shorted stator leads, when 
all synchros will be affected. 

A list of synchro casualties and effects on a 
typical synchro system follows: 

1. SI and S3 shorted—Rotor locks on 0° 
or 180°. 

2. S2 and S3 shorted—Rotor locks on 120° 
or 300°. 

3. SI and S2 shorted — Rotor locks on 240° 
or 060°. 


4. SI, S2, and S3 shorted — Rotor spins. 

5. R1 or R2 shorted—Rotor aligns at 090° 
or 270° from the signal, fuse blows. 

6. R1 or R2 open —Rotor aligns at 0° or 
180°, proper rotation, poor torque. 

7. SI open — rotor oscillates over SI or 
180° from SI. 

8. S2 open—Rotor oscillates over S2 or 
180° from S2. 

9. S3 open—Rotor oscillates over S3 or 
180° from S3. 

10. R1 and R2 reversed —Rotor aligns 180° 
from signal, proper rotation, good torque. 

11. SI and S2 reversed—Rotor aligns at 
120° from signal, reversed rotation, good 
torque. 

12. S2 and S3 reversed—Rotor aligns at 
240° from signal, reversed rotation, good 
torque. 

13. SI and S3 reversed—Rotor aligns at 
0°, reversed rotation, good torque. 

Synchro units require careful handling at all 
times. Never force a synchro into place, never 
drill holes into its frame, never use pliers 
on the threaded shaft, and never use force to 
mount a gear or dial on the shaft. 


ELECTRON TUBE CIRCUITS 

Electron tubes are of many types and desig¬ 
nations and perform many functions. They are 
used in ordnance equipment to control power 
drive circuits, fuze setting circuits, and switching 
and relay circuits. The discussion here is limited 
to just one type of tube used in the 5 M /54 gun 
system. Basic Electronics NavPers 10087 ex- 
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plains in detail the principles and characteristics 
of the electron tube and should be studied before 
reading this section, we merely present a quick 
review of electron tubes. 

CHARACTERISTICS OF 
ELECTRON TUBES 

The parts of an electron tube which directly 
control current flow are called "elements". The 
heated element which gives up electrons is called 
the "cathode". The "plate" of the tube when it 
has a positive potential attracts electrons. The 
"grid", mounted between the cathode and the 
plate, is the third element. The voltage applied 
to the grid controls the flow of electrons through 
the tube. 

The cathode is heated by a filament or re¬ 
sistance wire called a "heater". It is not con¬ 
sidered to be an element since it does not 
directly control the amount of current flow from 
cathode to plate. 

Four of the most common electron tubes are 
shown in figure 7-38. The names of the four 
basic types are taken from the names of Greek 
numbers and give the number of elements in 
each tube. For example, the word "penta" means 
five, and a pentode has five elements: a cathode, 
a plate, and three grids. 

The pentode is used here to describe one 
method of trouble shooting tube circuits. 


As a general rule, electron tubes do not have 
as long a life expectancy as resistors, capacitors, 
and other electronic circuit components. 

To provide for easy removal and replacement, 
the base of the tube is constructed in the form of 
a plug that can be inserted into a socket. The 
socket is mounted on the chassis that supports 
the electronic circuit. The electrical connection 
between the tube elements and the circuit is 
completed through the tube base terminals, which 
are called "pins". A typical rectifier tube showing 
the tube base and pin arrangement is illustrated 
in figure 7-39. Miniature tubes differ in that the 
pins are mounted in and protrude through the 
glass envelope. 

Each type of tube base has some kind of guide, 
key, pin arrangement, or (in case of the min¬ 
iature tube) a missing pin to prevent the tube 
from being improperly plugged into the socket. 
Bottom views of typical tube bases are shown 
in figure 7-40. Of the five types illustrated, the 
octal, the 7-pin miniature, and the 9-pin min¬ 
iature are by far the most common. 

For ease in circuit tracing, electron tube 
pins are all assigned numbers. The pins are 
numbered in a clockwise direction when viewed 
from the bottom of either the tube base or socket. 
On tubes with a key or guide, such as the octal, 
pin #1 is always the first pin in a clockwise 
direction from the key or keyway. Miniature 
tubes (both 7-pin and 9-pin) have a missing pin 
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Figure 7-38. —Basic types of vacuum tube. 
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Figure 7-39.—Assembled diode vacuum tube. 


(wide space) that is used as the reference point. 
Pin #1 on these tubes is the first pin in a clock¬ 
wise direction from the wide space between pins. 
The 4-pin and 6-pin tubes are read clockwise 
with second large pin identified as pin #1 (the 
large pins are always used for filaments). 

TESTING ELECTRON TUBES 



tube elements. Basic Electronics NavPers 10087 
explains the operation of TV-3B/U. 

Keep in mind that a tube-testing device only 
compares the characteristic of a given tube with 
valves established as standards for a particular 
type of tube. Substituting a good tube in the equip¬ 
ment, and observing the performance of the 
equipment provides the most reliable evidence 
concerning the condition of the tube in question. 

If a circuit is not restored to normal when 
a tube is replaced the control circuit for that 
tube must be tested for faulty components. 
This can be done by taking voltage or continuity 
tests to pinpoint the casualty. We explain just 
one method; taking voltage readings. 


Electron tubes cause more than 50 percent 
of all electronic equipment failures. The con¬ 
dition of a tube can be determined by substituting 
a tube known to be good for the questionable one 
or by testing the tube with a tube tester. Tube 
tester TV-3B/U, shown in figure 7-41, is a 
portable tester designed to test and measure 
the mutual conductance of electron tubes of the 
receiving type, and many of the smaller trans¬ 
mitting types. A multimeter section is incorpor¬ 
ated in the test set which permits measure¬ 
ments of AC and DC volts, DC millampers, and 
resistance and capacitance in a number of ranges. 
Rectifier and diode tubes can also be checked for 
emission. Two other tube tests conducted with 
this meter are the short test, (for shorts between 
tube elements) and the gas test. For short tests, 
a neon lamp glows if there is a short between 


TROUBLESHOOTING TUBE 
CIRCUITS USING VOLTAGE 
TESTS 

Voltage tests are taken to measure D.C. elec¬ 
trode voltages. These measured voltages are com¬ 
pared to standard electrode voltages listed in 
OPs and ODs. Any significant difference between 
the measured voltage indicates a casualty. The 
OPs and ODs give test points, meter specifica¬ 
tions, standard voltage readings and the probable 
causes for non-standard voltage readings. The 
voltage test charts are good, and they are accurate. 
Considerable time is required, however, to make 
all the voltage tests in a given circuit. You can 
locate a casualty much faster by localizing the 
trouble to one stage, and then using voltage tests 
to pinpoint a casualty. 
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20.346 

Figure 7-41. —Tube tester TV-3B/U. 


There are two things to remember whenever 
you make voltage tests. First, accept a reasonable 
difference between the measured voltage and the 
standard voltage. This reasonable difference 
allows for any meter error or any error due to 
the tolerance of the parts being tested. Second, 
follow the meter specifications in the test chart. 
Always, use a meter with the specified sensitiv¬ 
ity rating. Use the meter scale specified on the 
test chart. 

As an example, suppose that we use a volt- 
ohm-milliammeter (VOM) (fig. 7-6) to test the 
pentode V-5 shown in figure 7-42. We take 
voltage tests for possible casualties. 

Notice the pin numbers at each electrode in 
the 6SJ7 (V-5) tube shown in figure 7-42. These 
pin numbers tell you where to connect the meter 
test leads listed on the voltage test charts. Each 
electrode is listed by a pin number. 

First measure the voltage from the plate of 
tube V-5. Connect the common lead of the VOM to 
the chassis of the equipment under test; touch 
the other lead to pin 8. If the voltage output is 
too high, move the test prod to point 5 and read 
the voltage from R-23. If the R-23 voltage also is 
too high resistor R-23 is responsible for the 


high reading at pin 8. Probably R-23 has increased 
in value due to aging. You have pinpointed the 
casualty; replace R-23. Figure 7-43 shows just 
the first stage of the amplifier circuit shown in 
figure 7-42. 

On the other hand, if the R-23 voltage measures 
too low, the tube is responsible. Probably the 
cathode emission has decreased due to aging. 
Replace tube V-5. 

There are other casualties that could be 
responsible for a high reading at pin 8. An 
open R-26 or a leaky C-6 would decrease the 
screen grid voltage. The decreased screen voltage 
would decrease the current (I) causing the voltage 
reading at point 8 to be high. A loss of resistance 
in R-25 could also cause a high voltage reading 
at pin 8. 

To test for a leaky capacitor C-6 measure 
the screen grid voltage at test point 6, with 
tube V-5 removed. If C-6 is OK, the VOM will 
read less than a standard voltage. 

To test for an open in R-26 measure the 
screen grid voltage at point 6 with tube V-5 
in place. If R-26 is OK, the voltage at test 
point 6 will be standard, but if R-26 is open, the 
VOM will read zero. 
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Figure 7-42. — Schematic diagram of a electron tube circuit. 
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R-21 



84.347 

Figure 7-43. — Pinpointing by voltage tests. 


Now, assume that the voltage reading at test 
point 8 is too low. You measure the 1/R drop 
across R-23 at test point 5. If the voltage at 
R-23 is too high, you know that too much current 
(I) is flowing through the D.C. plate circuit. 
Too much current could be caused by a loss 
of bias. Since you have checked R-23 already, 
the loss of bias must be in the grid circuit. 
With a signal input to tube V-5 measure the 
D.C. voltage between points 4 and 5 should be 
equal to the R-23 voltage between point 5 and 
ground. If the grid circuit is open, the bias 
between points 4 and 5 reads zero—probably 
due to an open in the signal input circuit. 

An increase in the resistance of R-25 andR-30 
can also cause a low reading at point 8. If any 
one of the three capacitors C-4, C-7, or C-18 
is leaky, or shorted the voltage at point 8 will 
decrease. 

Here's a quick test for all three capacitors. 
Remove tube V-5 and take a reading between 
point 8 and ground. If the reading is less than 
300 VDC, one of the capacitors is a casualty. 

Pinpointing by voltage tests can save time, 
but you must be able to reason out casualties. 
Always refer to troubleshooting charts and stand¬ 


ard voltage charts listed in OPs and ODs related 
to your equipment. 

This chapter does not cover all types of 
electric and electronic components used with 
ordnance equipment. Chapter 8 of this rate training 
manual explains the types of power drives used 
in gun mounts, turret, rocket and missile laun¬ 
chers. These power drives use both AC and DC 
motors as well as amplidyne generators. Be¬ 
fore beginning chapter 8 the reader should study 
two basic training courses related to the subject 
matter covered in chapter 8. Basic Electricity 
and Basic Electronics provide a broad background 
which should enable the Gunner's Mate to under¬ 
stand the electrical and electronic components 
used with power drive equipment. 


SAFETY 

Some common safety features of electrical or 
electronics equipment are interlock switches, 
bleeder resistors, current-limiting resistors, in¬ 
sulating controls, and powerline safety devices 
(such as fuses). Keep in mind that these features 
cannot always be relied upon to function. Don't 
develop a false sense of security just because 
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an equipment has safety features. The following 
list of safety precautions will help prevent elec¬ 
tric shock or burns when working on or near 
electrical or electronic equipment. 

1. Do not block high voltage protective cutout 
on doors or covers to keep the circuit energized 
with the cover off. It is intended that work be 
performed on such electrical equipment while 
the circuit is deenergized. 

2. Always ground the provided ground lead 
located at the plug of portable tools such as 
electric drills to protect yourself from shock 
in case a ground occurs within the tool. 

3. Always be sure that all condensers are 
fully discharged before commencing work on 
a deenergized high voltage circuit. Use an in¬ 
sulated shorting bar for this purpose. 

4. Tag the switch OPEN (open the switch 

and place a tag on it stating "This circuit was 
ordered open for repairs and shall not be closed 
except by direct order of_.”) at the switch¬ 

board supplying power to the circuit on which 
you wish to work. When possible, remove the 
fuses protecting the circuit and place them in 
your tool box for safekeeping until the job is 
complete. 

5. Always remove fuses with fuse pliers, 
and never remove fuses until after opening the 
switch connecting the circuit to the source of 
supply. Never replace a fuse with one LARGER 
than the circuit is designed to take. 

6. Observe utmost caution when inspecting 
behind an open-back switchboard in an energized 
state. 

7. Never use an incandescent test lamp unless 
its voltage rating is greater than the highest 
voltage which may be tested. 

8. Always test a supposedly deenergized cir¬ 
cuit with a voltage tester before commencing work 
on the circuit. 


9. Never work on an electric circuit or net¬ 
work without first thoroughly acquainting your¬ 
self with its arrangement and with its points 
of power feed. 

Electric shock may cause instant death or 
may cause unconsciousness, cessation of breath¬ 
ing, and burns. If a 60-Hz alternating current is 
passed through a person from hand to hand or 
head to foot, the effects when current is grad¬ 
ually increased from zero are as follows: 

1. At about 1 milliampere (0.001 ampere) 
the shock can be felt. 

2. At about 10 milliamperes (0.010 ampere) 
the shock is severe enough to paralyze muscles 
so that a person is unable to release the con¬ 
ductor. 

3. At about 100 milliamperes (0.100 ampere) 
the shock is fatal if it lasts for one second or 
more. 

It is important to remember that current is 
the shock factor rather than the amount of voltage. 

You should clearly understand that the resist¬ 
ance of the human body is not great enough to 
prevent fatal shock from a voltage of as low as 
115v. In many cases, voltages less than 115v 
are fatal. When the skin is dry, it has a high 
resistance. The resistance may be high enough to 
protect a person from fatal shock even is one 
hand touches a high voltage while another part 
of the body touches the chassis or another ground. 

Contact resistance decreases when the skin 
is moist and body resistance may drop to as low 
as 300 ohms. With this low resistance, it can be 
seen that a very low voltage could supply enough 
current to cause death. 

Under no circumstance should any person 
reach into any equipment or perform any work 
in lethal voltage areas without the presence of 
at least one person capable of giving aid in the 
event of an accident. 


289 


Digitized by v^,ooQLe 




CHAPTER 8 


POWER DRIVE FUNDAMENTALS 


There are two principal problems in posi¬ 
tioning a gun for firing. One is to get an accurate 
gun order signal; this is solved by the gun 
director-computer combination. The other prob¬ 
lem is to transmit gun order signals promptly 
to the gun in such a manner that the position 
and movements of the gun will be synchronized 
with the signals from the director. The latter 
problem is complicated by the movements of 
the gun falling behind or over running gun order 
signals. This is due mainly to inertia of the 
gun, but also in part to the lag in transmitting 
signals. Inertia tends to keep the gun in motion. 
Gun order signals are always changing, not only 
because of changes in the relative position of 
target and ship, but also because of the roll and 
pitch of the ship. 

The problem of transforming gun order signals 
to mount movement is solved by the power drive 
of the gun. There are two types of power drives 
used in gun weapon systems. One type consists 
essentially of a receiver-regulator and a pump- 
motor combination. The receiver-regulator con¬ 
trols the pump-motor combination, and this in 
turn controls the movement of the gun. The pump- 
motor combination (A-B end) is known as an 
electric-hydraulic power drive. 

The second type, the all-electric power drive, 
employs both a.c. and d.c. motors and an amplidyne 
generator. The output of the power amplifier 
(amplidyne generator) controls a d.c. drive motor, 
which in turn controls mount movement. Since 
the amplidyne generator is capable of multiplying 
its input signal as much as 10,000 times, this 
type power drive is known as an amplidyne 
power drive. 

The Navy uses power drives of various de¬ 
signs and complexities. Large electric-hydraulic 
power drives are used to control the movement 
of heavy turrets. Smaller power drives control 
dual-purpose mounts, and can be either electric- 
hydraulic or all electric. Regardless of the type 
power drive employed in a gun weapon system, 
it has several primary purposes and must func¬ 


tion as servomechanisms (servo). The primary 
purposes of a power drive servosystem are to— 

1. First, and most important, position or 
lay the turret or mount in response to train and 
elevation order signals. 

2. Compare the order signal and the existing 
conditions: standing still, moving left or right, 
and obtaining a difference or error signal. This 
is done by the error detector. 

3. Amplify a weak error signal to a point 
where work can be done with it. This is the job 
of the amplifier. 

4. Provide a means to send a report back 
to the error detector to satisfy or null out the 
error signal. This is called response. 

Since power drives use response (feedback) 
they are classified as servomechanisms. Servo¬ 
mechanisms (or servosystems) cause mechanical 
action to take place automatically in response 
to synchro signals. 


SERVOMECHANISMS 

Servomechanisms, called servos for short, 
are used extensively in ships* weapon systems. 
Synchros are used in servosystems to control 
the position and movement of computing, indi¬ 
cating, and transmitting devices. The power 
drives in turrets, gun mounts, directors, and 
rocket launchers use some type of servosystem. 
Servos are part of a broad class of control 
systems that operate on the principle of feedback. 
The input signal to a servo is applied to an 
error detector, not directly to the amplifier. 
The input is an order signal which indicates 
the desired action of the servo. The other signal 
to the error detector is a feedback signal which 
represents the output of the servo. The feedback 
signal is the reaction of the servo to the error 
signal, which is the input to the amplifier. The 
error signal is the difference between the input 
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signal and the feedback signal. If there is a 
difference (error) between the input and the 
output, corrective action automatically takes 
place to reduce the error toward zero. 

The feedback signal forms a closed loop 
within the servo. In other words, there is a com¬ 
plete path through the servo to the load and back 
to the error detector. The output affects the 
input, and thus provides automatic followup con¬ 
trol. 

There is no standard definition of a servo. 
In this chapter, we will call a servo an electrical, 
electronic, mechanical, or hydraulic system 
which uses feedback. All servos have the following 
characteristics. 

A servo is a control device whose basic job 
is to position a load. The load may be a turret, 
gun mount, computing device, or hydraulic valve. 
The load is attached in some manner to the output 
of the servo. Consider a gun mount. Its position 
is controlled in accordance with train and eleva¬ 
tion orders which are inputs to the servo. 

A servo is a power amplifier. The input to 
a servo is usually a very small signal. It is too 
weak to move the load by itself, so some sort of 
power amplification must take place within the 
servo. Again, take as an example a servo used 
to position a gun mount. The input to the servo 
is sometimes so small it can be measured with 
a milli ammeter. To develop enough power to 
move the great weight of a gun mount requires 
currents in the amperage range. Therefore most 
servos you will work with have one or more 
amplifying stages. The amplifier may be electri¬ 
cal, electronic, hydraulic, or two or more of 
these in combination. 

SERVO CONTROL REQUIREMENTS 

Servo control systems for a turret, gun 
mount, and rocket launcher all have the same 
basic requirement, and are made up of specific 


components which depend on each other to perform 
the functions of a servomechanism. There are 
many different names for servo control systems 
used in ordnance equipment. In most gun mounts 
servo control systems are known as power con¬ 
trol, stroke control, or electronic servo control 
systems. In turrets, servo control systems are 
called automatic servo system, power servo 
control system, and servo control system. No 
matter what a servo control system is called or 
what type of output it employs to control a 
servomechanism, the basic requirements are 
common. Because of this, we can devide a servo¬ 
mechanism into three groups, as in figure 8-1, 
and explain the functions of devices that make up 
each group. 


RECEIVER REGULATOR 

The purpose of a receiver regulator is to 
control the positions of turrets, and movements 
in train and elevation, by converting gun order 
signals into equivalent power drive control action. 
There are many different types and designs of 
receiver regulators, but all types can be divided 
into two sections: indicating section and control 
equipment section. All turrets and gun mounts 
have two or more receivers as part of their 
servos systems. They act independently of each 
other and differ only in their design. The train 
receiver regulator has a parallax input to com¬ 
pensate for horizontal parallax, which is the 
angle formed in the horizontal plane at the target 
by the intersection of the lines of sight from the 
two ordnance stations, the director and the mount. 
Parallax is explained in detail in chapter 12. 

The elevation receiver regulator employs a 
roller path compensator which corrects the gun 
elevation order for any tilt in the gun roller 
path plane. Train position information is sent 
to the roller path compensator through the train 
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84.182 

Figure 8-1. — Power Drive Servosystem. 
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Figure 8-2A. — Elevation Indicator-Regulator Dial. 


response assembly, which indicates the degree 
of mount train from the highest point of inclina¬ 
tion. Roller path tilt and how it affects gun fire 
control also is explained in chapter 12. 

INDICATING SECTION 

The indicating equipment of each receiver- 
regulator consists of the visual signaling devices 
used to show gun positions, gun order, and 
correction readings. Figures 8-2 and 8-2B show 
the locations of these devices on the face of the 
indicating equipment for elevation and train, 
respectively. The face of the indicating equip¬ 


ment on each instrument is illuminated by four 
double contact, 6- to 8-volt bulbs, set in two 
light wells. 

Components 

The components of the indicating equipment of 
the indicator-regulator are — 

Gun position indicator. 

Gun order indicator. 

Parallax correction indicator (train only). 
Roller path inclination indicator (elevation). 
Star shell signal indicator. 
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Figure 8-2B. —Roller Path Inclination Dial. 


Gun Position Indicators 

Gun position is given in the respective in¬ 
struments by two mechanically driven dials, 
marked ELEVATION MINUTES and TRAIN 
ANGLE. Both of these dials are calibrated to 
show angle of elevation or mount train against 
a fixed pointer at their left sides. 

On the elevation indicator-regulator, there are 
two concentric gun-position dials, an outer (ring) 
dial and an inner (disc) dial, that show gun posi¬ 


tion in elevation relative to a horizontal reference 
plane. The outer (ring) dial is a coarse reader, 
marked from zero to 7100 minutes in the Mk 34 
instrument, and to 9000 minutes in the Mk 42. 

It is graduated in 100-minute intervals and 
numbered every 500 minutes, with the last two 
zeros omitted from each number. The inner 
dial is a fine reader, its perimeter being marked 
from 00 to 100 six times, in graduations of 5 
minutes. Graduations representing 00, 20, 40, 
60, and 80 minutes are numbered. One revolution 
of the disc dial represents 600 minutes, and this 
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dial makes 18 revolutions to one revolution of the 
ring dial. 

On the train indicator-regulator, the position 
dials indicate mount position in train, without 
parallax correction. The train ring dial is a 
coarse reader, marked in 10-degree intervals, 
numbered every 10 degrees, from zero to 360 
degrees, the final zero being omitted from the 
markings. The inner dial is a fine reader, 
marked in 5-minute intervals from zero to 10 
degrees, and numbered every 20 minutes. 

The disc dials are positioned by corrected- 
response shaft inputs from their elevating or 


training gear drives. The ring dials receive 
this same input through a worm reduction. 

Gun Order Indicators 

The gun order indicators of each indicator- 
regulator consist of follow-the-pointer dials and 
zero-reader dials (figs. 8-2 and 8-3). The zero 
reader is a single disc dial which is read 
against a fixed index on the instrument panel 
(mask). The follow-the-pointer indicator has 
an inner disc dial and an outer ring dial. 


SELECTOR SHAFT 
/ 



STARSHELL SIGNAL 
INDICATOR 


TRAIN ANGLE 
DIALS 


KNOB 


FOLLOW-THE- 

POINTER 

DIALS 


ZERO-READER 

DIAL 


PARALLAX- 

DIALS 


53.78 

Figure 8-3. — Train Indicator-Regulator Dial. 
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Gun orders are received electrically from 
the gun director system and are indicated by 
rotation of the disc dials; the inner follow-the- 
pointer dial being driven by a fine indicating 
synchro motor, and the zero-reader dial by a 
coarse indicating synchro motor. 

Corrected mechanical response, derivedfrom 
actual gun and mount movements in elevation and 
train, turns the stator of the coarse indicating 
(zero-reader) synchro and the follow-the-pointer 
ring dial. 

When corrected mechanical response is equal 
to gun order, the index on the zero-reader (coarse) 
dial is aligned with a fixed index, and the index 
on the follow-the-pointer ring dial is aligned 
with the zero graduation on the disc (fine) dial. 

Elevation Gun-Order Indicators 

The gun-order dial graduations for elevation 
indicator-regulators are shown in figure 8-2. The 
zero-reader (coarse) dial is graduated in 1800, 
1900, 2000, 2100, and 2200 minutes. The 1800, 
2000, and 2200 graduations are marked with the 
numerals 18, 20, and 22, respectively. One 
revolution of the dial is equal to 10800 minutes 
(180 degrees) error in elevation. The follow- 
the-pointer (fine) dial is graduated in 5-minute 
steps to 60 minutes on each side of zero, the 
graduations being numbered at each multiple of 
20. One revolution of the dial indicates a change 
in signal of 600 minutes. The follow-the-pointer 
ring dial is marked only with an index arrow. 
One revolution of the ring dial is equal to 600 
minutes in elevation. 

The fine (36-speed) and coarse (2-speed) indi¬ 
cating synchro motors are energized by a 115- 
volt, 60-cycle, single-phase, alternating-current 
primary circuit. 

Train Gun-Order Indicators 

The gun-order dial graduations for Train 
Indicator-Regulators Mk 46 are shown in figure 
8-3. In both the Mk 38 and Mk 46 instruments, 
the zero-reader (coarse) dial is graduated at 
five-degree intervals from 350 degrees through 
zero to 10 degrees, and is marked with the 
numerals 350, 0, and 10 at each 10-degree 
graduation. One revolution of the dial represents 
350 degrees error (difference between order and 
mount position) in train. On Mk 42 instruments, 
the follow-the-pointer (fine) disc dial is gradu¬ 
ated in 10-minute steps to 1 degree on each 
side of zero, being marked with the numerals 
1°, 0, and 1°. One revolution of this dial indicates 


a change in signal of 10 degrees. Between 1° 
right and 1° left, the dial is not numbered. The 
follow-the-pointer ring dial is marked only with 
an index arrow, each revolution of the dial being 
equivalent to a change in signal of 10 degrees. 
On Mk 38 instruments, the follow-the-pointer 
disc dial is graduated at five-minute intervals 
from 0 to 5 degrees on each side of zero, the 
5-degree graduation being common for both right 
and left scales. The graduations are numbered 
every 20 minutes up to 2 degrees, and at 3, 
4, and 5 degrees thereafter. As in the Mk 46 
instrument, the ring dial has only an index 
arrow. 

Roller Path Inclination 
Indicator 

The roller path indicator indicates bearing 
of the high point measured clockwise from the 
high point plus amount of inclination corrected 
to the reference plane (fig. 8-2B). This dial is 
actuated by train response so that its circular 
scale indicates mount train. This scale is gradu¬ 
ated in 5-degree steps and numbered from zero 
to 360 degrees. A pin in a slot at the center of 
the dial indicates inclination of the roller path. 
The linear scale is graduated in 2-minute steps, 
and numbered from zero to 60 minutes. 

NOTE: All train indicator-regulator dials 
rotate in the same direction as the mounts are 
turning (when their rotation is caused by actual 
mount train). All elevation indicator-regulator 
dials move in an upward direction past the index 
arrows (when their rotation is caused by actual 
gun elevation). 

Parallax Correction Indicator 

In the train indicating system only, a parallax 
correction signal rotates the parallax synchro 
rotor and its zero-reader or disc dial (fig. 8-3). 
Mount parallax response rotates the parallax 
synchro stator and the parallax ring dial. When 
gun train position is corrected for parallax, 
the parallax zero-reader dial is aligned with 
the fixed index arrow. The value of the parallax 
correction is then given by the reading on the 
ring dial at the fixed index. The ring dial is 
graduated in 10-minute steps, from zero to 12 
degrees on each side of zero, every degree being 
numbered. The zero point on the inner dial is 
also marked. 
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Search Spreads 

The zero-reader parallax dial has gradua¬ 
tions, in most installations, to facilitate the firing 
of illuminating projectile search spreads. When 
firing search spreads of illuminating projectiles, 
use is made of the parallax zero-reader dial 
and the parallax knob (fig. 8-3). 

The outer graduations on the disc dial are 
used as a guide in offsetting the mount from the 
transmitted train order so as to produce a 
divergence of train angle between adjacent 
mounts. Starting from the zero graduation, there 
are six graduations in each direction, every 
second one being marked 1 degree, 2 degrees, 
and 3 degrees, respectively. The zero graduation 
is marked with an arrow and the numeral 0. 
Spacing of the graduations on the dials is dif¬ 
ferent for each mount, however, because of the 
difference in parallax gearing in the train indi¬ 
cator-regulators. 

On dials for mounts located aft of a reference 
point, STBD is engraved to the left of the zero 
graduation, and PORT is engraved to the right 
of the zero. For mounts forward of the reference 
point, this arrangement is reversed. The en¬ 
gravings (STBD and PORT) and the corresponding 
graduations and numbers, are colored green and 


red, respectively. The arc of spread of mounts 
on a ship can be varied from 1.5 to 9 degrees 
by using the graduations to obtain divergence of 
train angle between adjacent mounts (fig. 8-4). 
To obtain a 2.5-degree divergence between adja¬ 
cent mounts, the 2.5-degree marks on the dials 
are matched with the fixed indexes by means of 
the parallax knobs (fig. 8-4). 

Star Shell Signal Indicators 

The star shell signal indicator on each in¬ 
strument consists of two double-contact, 6- to 
8-volt lamps, housed in a lightwell and located 
under a red glass in the top corner of the 
indicator-regulator (figs. 8-2 and 8-3). (Eleva¬ 
tion Indicator-Regulators Mk 34 and Train Indi¬ 
cator-Regulators Mk 38 have a blue glass on 
the star shell signal indicator.) The lamps are 
lighted whenever the mount is ordered to fire 
illuminating projectiles, and hence does not 
follow the same director signals as the balance 
of the battery. 

CORRECTIVE DEVICES 

A parallax corrector is located in the aft 
section of each receiver regulator. Thismechan- 
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ical-electrical assembly contains other auxiliary 
components in addition to dials which show the 
amounts of the corrections added to the order 
as well as the position of the gun. 

The function of the parallax corrector me¬ 
chanism is to receive the unit parallax signal 
transmitted, select an appropriate portion of 
this signal, as determined by the mount position, 
and to modify the B-end response to the gun 
order synchros by this correction. 

The train regulator has two external me¬ 
chanical inputs to the corrector: gun train re¬ 
sponse and star shell spread. The star shell 
spread is applied manually to the correction 
gear train through the hand crank and a spring- 
released clutch. 

The elevation parallax corrector has two 
external mechanical inputs. One is gun eleva¬ 
tion response and the other is gun train re¬ 
sponse. The train "B" end response input drives 
a roller path tilt corrector. The tilt corrector 
in turn adds a mechanical signal to the cor¬ 
rector. 

Parallax Correction 

Parallax correction components are provided 
in both the train and elevation receiver regu¬ 


lators. Without parallax correction, the gun would 
be pointed parallel to the line of sight of the 
director and, because of the horizontal distance 
between the director and the mount, the gun 
would not be pointed at the target. The amount 
of parallax correction needed depends upon many 
factors such as the distance to the target, the 
bearing of the target, and the horizontal distance 
between the director or reference point and the 
gun. 

The use of parallax corrector mechanisms 
can be varied in many ways, and actual method 
of use is generally determined when the ship 
class characteristics are determined. Generally, 
correction for train parallax, correcting for 
horizontal distance between mount positions and 
reference director, is always made. However, 
several variations in the use of elevationparallax 
mechanisms are in service: 

1. The elevation parallax corrector corrects 
for a vertical distance between the average 
height of all mounts and the reference point. 

2. The elevation parallax corrector corrects 
for the elevation angle component resulting from 
the train parallax angle. 
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3. Since the elevation parallax angle com¬ 
ponent is of a minor nature, the entire corrector 
mechanism could be locked out of the fire control 
problem. 

Regardless of the method of use, the par¬ 
allax mechanism would operate the same, only 
the magnitude of signal being changed. 

Figures 8-5 and 8-6 illustrate the parallax 
correction problem. 

The electrical signals sent to the receiver 
regulators by the computer to correct for parallax 
is called unit parallax. Unit parallax is the 
parallax correction angle for a gun with a 
horizontal displacement of 300 feet fore or aft 
of the reference point. If a gun is mounted at 
any other distance from the reference point, 
the parallax correction angle will be a propor¬ 
tionate part of unit parallax based on the ratio 
of the distance of the gun from the reference 
point to the standard unit parallax distance of 
300 feet. Guns aft of the reference point will 
have the correction signs reversed when com¬ 
pared with forward guns. Since unit parallax 
must be changed in order to give a signal which 
corresponds with the fore and aft position of 
the gun, a set of gears is mounted in the parallax 



corrector. These parallax change gears, as they 
are called, introduce the ratio that is required 
to convert unit parallax into the proper parallax 
correction. A diagram of the change gears is 
shown in figure 8-7. 

Gears A, B, and C may be changed to agree 
with the position of the mount on which they 
are being used. 

The method of adding parallax correction to 
the elevation orders is similar to the method 
used in adding parallax correction to the train 


TARGET 
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orders. For this reason, the procedure used in 
adding the signal to the train order will be ex¬ 
plained with the differences for elevation noted. 

Unit parallax signals are received electrically 
at the parallax corrector on the stators of 1- and 
36-speed synchro control transformers. A syn¬ 
chro changeover device in the parallax corrector 
amplifier changes the signal to the proper synchro 
in accordance with the magnitude of the input 
signal. 

The rotors of these synchros are geared to 
the parallax motor. Any difference between the 
input signal and the rotor response position 
produces a signal voltage in the rotor winding. 
This signal is amplified by the parallax ampli¬ 
fier. A servomotor receives this amplified signal 
and drives the receiver synchro rotors into 
synchronism with the incoming signal. As the 
rotors near their point of synchronism, the 


changeover from the 1-speed receiver to the 
36-speed receiver is accomplished by a synchro 
changeover circuit in the parallax amplifier. 
When the rotor is synchronized with the stator 
signal, the rotor output signal is zero, indicating 
that the required parallax correction has been 
added to the train order. 

The parallax motor drives the unit parallax 
dial, the parallax limit stop mechanism, the 
parallax change gears, and other gears which 
drive the correction output shaft. The correction 
output shaft adds the parallax correction to the 
gear train of the train order response signal. 

In the elevation parallax corrector, the cor¬ 
rection signal is added to differential gearing 
and combined with the roller path tilt correction, 
and the algebraic sum of these inputs is used 
to correct the elevation order response. 
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Figure 8-8. — Roller Path Compensator. 
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Roller Path Compensator 

Due to mount placement aboard ship, a gun 
may not be installed horizontal (parallel) with 
the gun director, and the resultant tilt affects 
the elevation angle of the gun. A roller path 
compensator (figs. 8-8 and 8-9) in the elevation 
receiver-regulator corrects for tilt errors by 
modifying the position input signal to the syn¬ 
chros. The correction is made by turning an ad¬ 
justing screw on the compensator to align the 


horizontal planes of the gun director and the 
gun mount. This adjustment is made upon installa¬ 
tion of the mount aboard ship and, once adjusted, 
should remain fixed. 

The train response assembly gearing applies 
train position information (fig. 8-9) to the roller 
path compensator. An eccentric translates rotary 
motion of the train position input to linear 
motion of a rack gear. The motion of the rack 
gear is transmitted to the elevation synchros 
to correct for the degree of roller path tilt. 
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Train response enters the elevation receiver- 
regulator through a flexible cable connected to 
the train response assembly. A worm drives 
a worm gear that is coupled to the train re¬ 
sponse input gear. The input gear drives a large 
gear (fig. 8-8). As the large gear turns, a gear 
support in the slot of the gear turns. The 
centering block, which is pinned to one end of 
the gear support, pushes the guide rails and 
moves the compensator carriage up and down. 
The rack gear, which is pinned to the com¬ 
pensator carriage, moves up and down with it. 

Rack gear movement, transmitted to the 
synchros, mechanically repositions the synchro 
rotors. Since rack movement is proportional 
to roller path tilt, the elevation order signal 
is changed to compensate for the amount of tilt. 
As an example, assume that the roller path has 
a 1-degree upward tilt at the 10-degree train 
position. When the gun is ordered to train 10 
degrees and elevate 50 degrees, the gun will 
actually elevate 49 degrees. The roller path 
compensator in this example orders the synchro 
to elevate 1 degree less than the ordered position 
to compensate for the tilt. An adjusting screw 
in the center of the large gear determines the 
amount of carriage and rack movement. 

CONTROL SECTION 

The control equipment of each receiver- 
regulator receives gun orders (electrically) in 
automatic control and (mechanically or elec¬ 
trically) in local control, and gun response 
(mechanically). In addition, the control equipment 
of the train unit receives Parallex (electrically) 
while the elevation unit receives roller path tilt 
(mechanically). The equipment combines these 
inputs to produce a variable flow of liquid to 
or from the regulator valve block and the main 
piston and cylinder. As a result of these actions, 
the A-end tilting boxes are positioned to control 
movement of the guns in elevation and in train. 

In the study of the theory of hydraulic opera¬ 
tions in a receiver regulator, the following facts 
should be remembered: 

1. The INCREASING order is the signal which 
causes right train and elevation. 

2. The DECREASING order is the signal which 
causes left train and depression. 

ERROR DETECTION 

The purpose of the error detector is to 
compare a command (order) signal from the fire 


control system (FCS) with mount position, and 
if there is a difference, send an error signal 
to a power drive servo control unit. In our 
discussion of error detection we explain two 
methods that are used in ordnance equipment. 

An error signal originates when an FCS 
generates an order signal. The order signal 
is applied to the stators of a 1-speed (IX) 
and 36-speed (36X) synchro control transformers 
(CT), or to the stators of a IX and 36X torque 
synchro receiver (TR); this signal represents 
the ordered position of the mount. 

First we will explain the operation of a 
mechanical error detector which is a combina¬ 
tion mechanical electrical arrangement con¬ 
sisting of a differential cam assembly (mechani¬ 
cal) directly connected to its order input device, 
a simple synchro receiver (electrical). 

Mechanical Error Detector 

The major components of the mechanical error 
detector are shown in figure 8-10. Response, 
mount position, is geared to the differential cam; 
when the mount turns, the differential cam 
rotates. The order signal is introduced to the 
differential cam by means of the torque synchro 
receiver. 



Figure 8-10. —A Mechanical Error Detector. 
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For the present, we will consider the synchro 
stators as being fixed. The rotor, however, is 
free to turn. The only restriction is in the dif¬ 
ferential cam assembly. All of these devices are 
located in the receiver regulator at the mount. 

You know from your study of torque synchro 
receivers that the rotor of our-error-detecting 
synchro acts as a slave to its mate in the fire 
control system. They act together to transmit 
position data. If the rotor of the FC transmitter 
were to be turned clockwise 45°, the receiver’s 
rotor would turn clockwise 45°. Thus the output 
of our synchro receiver is mechanical rotation 
of its rotor —in the direction and is proportion 
to the amount of the order signal. 



53.82 

Figure 8-11. —Differential Cam Assembly. 


The differential cam assembly (fig. 8-11) 
compares gun order with gun position. It con¬ 
sists of a 2-pronged fork attached through the 
relief cam assembly to the rotor of the fine 
control synchro, a 3-fingered cam follower, and 
the differential cam. The differential cam is a 
hollow cylinder with three grooves curving up 
and around its inside surface. The fingers of 
the followers slide in these grooves, and the 
prongs of the fork extend down through slots in 
the follower. A shaft extends downward from 
the follower and is secured to the fine pilot 
valve. 

When either the fork or the cam is rotated, 
the follower will move either up or down inside 
the cam, depending upon the direction of rota¬ 
tion. Thus reception of a signal by the fine 
control synchro will cause the rotation of the 
fork and follower. When the follower moves up 
or down, the attached fine pilot valve is also 
moved. 

Mount movement (response) is geared to the 
differential cam in which the follower moves. 
As the mount moves to follow a signal, the re¬ 
sponse moves the differential cam, displacing 
the follower and the fine pilot valve in a direc¬ 
tion opposite to that produced by the signal. 
This action returns the fine pilot valve to neutral 
when the gun order has been satisfied. 

RELIEF CAM ASSEMBLIES. — The purpose 
of these assemblies is to permit the fine and 
coarse control synchros to follow the gun order 
signals when the pilot valves have reached their 
limits of travel. 

The cams (31 and 32 in figure 8-12) are made 
so that their contact surfaces rise uniformly 
from a low point. The roller, attached to the 
driven mechanism, in normal operation is held 
in this low point by its spring. Any sudden 
change in the position of the cam — due to a re¬ 
versal of gun order at high speed, for example — 
will momentarily cause the roller to leave the 
low point. The spring will return the roller to 
the low point of the cam fairly rapidly; but in 
the interim, the movement of the synchro will 
be prevented from reacting too violently on the 
hydraulic end of the control system. 

To sum up this section, we can say that 
order signal and response are compared at the 
differential cam assembly. Any difference be¬ 
tween the two constitutes an error signal which 
causes movement of the fine pilot valve. We 
will show later how this movement is amplified 
and acted upon. Before that, however, let’s return 
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to the other type of error detector, the control 
transformer. 

Electrical Error Detector 

The control transformer (CT) is shown in 
figure 8-13. While it is a synchro, similar in 
several ways to the one used with the differ¬ 
ential cam assembly, there are some important 
differences. The first is that there is no direct 
supply of voltage to its rotor windings. Any 
flow of current in the rotor must be induced 
from the stator fields. Secondly, you can see 
from the illustration that mount response is 
connected to the CT’s rotor. The rotor will 
move only when the mount moves. It also dif¬ 
fers in its type of output, which is electrical 
rather than mechanical. 

Before going further into our discussion of 
the CT as an error detector, look at figure 
8-13B while we point out some additional infor¬ 
mation. The large arrow in each of the 3 illus¬ 
trations represents the order signal. It is actually 
a resultant (combination) of the flux fields of 
the 3 stator windings. Considering the 3 stator 
windings as one, the field has a definite angular 
position. When the rotor of a corresponding 
transmitter (in the fire control system) is moved, 
the voltages in the CT stator change. In effect, 
the changes in the CT stator field voltages 
rotate their resultant field, represented by the 
large arrow. The direction and amount of rota¬ 
tion is proportional to the error signal. This 
being a 1-speed CT, if the signal calls for the 
mount to move clockwise 45°, the resultant 
stator field moves clockwise 45°. One more 
bit of information —voltage is induced from 
the stator fields into the rotor by cutting lines 
of flux, that is, by transformer action. Any 
time the rotor is 90° from the large arrow no 
lines of flux will be cut, and therefore no 
voltage will be induced into the rotor. This is 
the electrical zero position of the CT. At any 
position other than 90° from the arrow, a pro¬ 
portional amount of flux will be cut, and a certain 
voltage induced into the rotor. 

Now look at figure 8-13B 1 . Here mount 
position and order signal agree. The CT rotor 
is 90° from the large arrow. No error —no 
lines of flux cut — no induced voltage — no output 
to the power drive. 

In figure 8-13B 2 an order is suddenly re¬ 

ceived for the mount to go to 045°. As the 
mount at this instant is still at 000°, the CT’s 
rotor has not moved. The large arrow (result¬ 
ant of the 3 stator fields) now induces an amount 
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Figure 8-13. —The Control Transformer — 
A. The CT as an error detector. B. 
Actions of the CT as mount moves 
in response. 
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of voltage into the rotor proportional to the 
error. The output of the rotor is a voltage, the 
error signal. This signal is sent on to an elec¬ 
tronic servo control unit (servoamplifier). 

The output of the servoamplifier controls 
the electrohydraulic servo valve which will posi¬ 
tion the mount into agreement with the order 
signal. 

In figure 8-13B 3 , the mount has been 
driven to 045°. Response, moving with the mount, 
has rotated the rotor back to its original position 
in relation to the large arrow (90°). At this 
point the order has been carried out. No error 
exists and there is no further output from the 
rotor. 

THE AMPLIFIER 

We have shown how error signals are pro¬ 
duced. In both cases, however, the signals are 
relatively weak. The output of the simple synchro 
differential cam assembly can be measured in 
ounces. The electrical output of the control 
transformer at best will be only a fraction of 
the 115-volt supply of the transmitter. 

We will now show one way in which each type 
of signal can be amplified. We will start the 
explanation with the error produced by the 
differential cam assembly. We will show how 
the simple up and down motion of the fine pilot 
valve is converted to a hydraulic signal and then 
amplified. 

HYDRAULIC AMPLIFICATION.— In figure 
8-14 you see a stroke piston held in balance by 
two different fluid pressures. The balance is 
maintained by the 500 psi working on a piston 
face area TWICE that of the 1000 psi. The 1000 
psi is held constant. The 500 psi is actually 
a variable; it can be reduced below that pres¬ 
sure or built up above it. Controlling this pressure 
is the job of the main control valve. 

The main control valve is positioned in figure 
8-14 so that the HPC (1000 psi) port and PX 
(0 psi) are opened to the center chamber of the 
valve by small but equal amounts. The pressure 
formed in the chamber is one half HPC, or 
500 psi. 

If the valve is moved slightly to the left, PX 
will tend to close off and HPC will be opened 
slightly. IHP in the center chamber wiH then 
rise toward 1000 psi. This causes the balance 
at the stroke piston to be upset, and it will 
move to the right with considerable force. 

Moving the main control valve to the right 
causes the same actions, but in reverse. HPC 


will tend to close off while PX will open. Now 
IHP will drop and the 1000 psi at the stroke 
piston will cause the piston to move left. 

One word of explanation before we bring the 
synchro receiver and the fine pilot valve back 
into the picture. The main control valve is 
moved not so much by changing pressures in 
its end chambers as by allowing fluid to flow 
into and out of the chambers. That is, by changing 
the fluid volume in the chambers. 

Let us assume that a right train order signal 
is received by the synchro receiver. Movement 
of the rotor, and differential cam operation, 
will pull the pilot valve upward. The fluid in 
the upper chamber of the amplifier piston can 
now flow through the lower land chamber of the 
fine pilot valve to exhaust. This will cause the 
amplifier piston to move upward, and the fluid 
in the right-hand chamber of the main control 
valve can flow into the lower chamber of the 
amplifier valve. 

The main control valve will now move to the 
right, IHP will drop below 500 psi, and the 
stroke piston will move left. As you will see 
later in this chapter, movement of the stroke 
piston will cause tilt to be put on the A-end 
tilting box, and the hydraulic pump will cause 
the mount to train right. 

All of the actions mentioned above would occur 
if the signal had called for left train, but in 
the opposite directions. In the case of left train, 
the fine pilot valve would move downward. The 
upper chamber of the amplifier piston would 
be connected to high pressure and the piston 
would be forced downward. (These actions are 
not shown in the illustration). Liquid leaving 
the bottom of the amplifier piston causes the 
main control valve to shift left. IHP becomes 
greaer than 500 psi, and the balance at the 
stroke piston is upset. The stroke piston moves 
right, shifting the tilt box in the A-end in a 
direction that will result in left train. 

We have shown how a few ounces of synchro 
torque can set in motion, and control, hydraulic 
pressures of hundreds of pounds. 

ELECTROHYDRAULIC 
SERVO VALVE 

The electrohydraulic servo (moog) valve con¬ 
nects the electric output of the servoamplifier 
into a proportional hydraulic signal. Figure 8-15 
illustrates the physical relationships of servo 
valve components which consist basically of a 
force motor and hydraulic amplifier. Output lines 
from the servo valve lead to stroking pistons 
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Figure 8-14. —Amplifying The Hydraulic Error Signal. 
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Figure 8-15. —Servo Valve. 


in the CAB unit. The stroking pistons determine 
the position of the A-end tilt plate which controls 
the CAB units output velocity. 

The force motor of the servo valve converts 
the electrical input, supplied by the servoampli- 
fier, to a flow rate. The electrical signal applied 
to the force motor coils generates a torque that 
causes the armature to move and bend on the 
flexure tube. The flapper attached to the arma¬ 
ture moves with it, toward one nozzle and away 
from the other. Differential pressures caused 
by flapper movement between the nozzles move 
the plunger of the four-way valve. Plunger posi¬ 


tion regulates hydraulic fluid output to the strok¬ 
ing pistons. 

When the plunger moves from center, the 
feedback spring applies a torque to the armature. 
This torque, which is proportional to plunger 
displacement, opposes the torque developed by 
the force motor. As the order is complied with, 
and as response causes the signal to decrease, 
the flapper returns to neutral and the feedback 
spring returns the plunger to neutral. 

With no signal applied to the force motor 
coils (fig. 8-16), the armature, flexure tube, 
flapper, and feedback spring are at neutral. PA 
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FORCE FROM TRAIN AMPLIFIER 



84.58 

Figure 8-16. —Servo Valve (no input signal). 


control pressure is ported through the two fixed 
orifices, UOT5 and UOT6, to UVT1. The down¬ 
stream sides of these orifices lead to pressure 
chambers Cl and C2 and to nozzles N1 and N2. 
The flapper regulates flow from the nozzles to 
the mixing chamber which ports to tank. With 
the flapper centered (neutral), flow through both 


FORCE POSITIVE INPUT 



84.59 

Figure 8-17. —Servo Valve (positive input signal). 


FORCE NEGATIVE INPUT 



84.60 

Figure 8-18. —Servo Valve (negative input signal) 



84.61 

Figure 8-19. —Power Supply. 
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nozzles is equal, UVT1 is at neutral, and output 
pressures to the stroking pistons are equal. 

When a positive (increasing order) signal is 
applied to the force motor coils, the force motor 
shifts the armature and flapper to the right (fig. 
8-17). This shift decreases flow through N1 and 
increases flow through N2, creating a pressure 
differential between Cl and C2. Because Cl 
pressure is greater, UVT1 shifts to the right, 
stroking piston B is ported to tank, and stroking 
piston A receives PA. Pressure at stroking 
piston A is now greater than the pressure at 
stroking piston B, causing the tilt plate to move. 

When a negative (decreasing order) signal is 
applied to the force motor coils, the force motor 
shifts the armature and flapper to the left (fig. 
8-18) and the action of UVT1 is reversed. Now, 
fluid flow decreases through N2, increasing the 
pressure in C2, and UVT1 shifts left, stroking 
piston A is ported to tank, and stroking piston 
B receives PA. Pressure at stroking piston B 
is now greater than at stroking piston A, causing 
the tilt plate to move in the opposite direction. 


ELECTRIC SERVO 
CONTROL UNIT 

The electronic servo control unit (servo- 
amplifier) converts the small a.c. error signal 
from the synchro to a d.c. signal large enough 
and of proper polarity, to activate a torque 
generator. The electronic servo control unit 
consists of a power supply and two amplifiers, 
one each for train and elevation control. 

Power Supply 

The power supply chassis contains tubes, 
transformers, inductors, relays, and a filter 
network to regulate and supply d.c. plate voltage 
for the servoamplifiers. The transformers in the 
power supply also furnish the 6.3filament voltages 
for the tubes in the amplifier. 

The 115-V., 60-cycle voltage from ship’s 
supply enters the power supply chassis on the 
primary of transformer T2(fig. 8-19), and travels 
through time delay relays and fuse circuits to 
the primary of transformer Tl. These relays 



84.62 

Figure 8-20.— Electronic Servo Control Unit Functions. 
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ensure that the cathodes of the vacuum tubes 
are heated before high voltage is applied to the 
rectifier tubes. 

Most servoamplifiers have four sections; the 
synchro changeover unit, the a.c. amplifier, 
the demodulator, and the d.c. amplifier. Figure 
8-20 shows how these sections function in a power 
drive servo-control system. The reader should 
refer to his illustration throughout the discussion 
on the functions of the four sections of a servo- 
amplifier. 

SYNCHRO CHANGEOVER 
UNIT 

The synchro changeover unit passes either 
the 36X or IX synchro signal to the a.c. ampli¬ 
fier unit. The IX synchro signal is passed to 
the amplifier whenever the mount is more than 
2°30' out of correspondence with its controlling 
director; the 36X signal is passed to the amplifier 
when the error is less than 2°30'. How a synchro 
changeover unit functions is explained further 
on. 

AC Amplifier 

The AC amplifier receives a IX or 36X synchro 
error signal from the synchro changeover unit, 
amplifies the signal and converts it into a push- 
pull output for use in the demodulator. The a.c. 
amplifier contains two vacuum tubes, a trans¬ 
former, and associated circuits. One vacuum 
tube functions as a voltage amplifier, while the 
other tube is a cathode follower power (current) 
amplifier. The transformer acts as a coupling 
device for the next stage (demodulator). The 
actions of vacuum tubes were explained in chapter 
7. 

Demodulator 

The demodulator converts the a.c. error 
signal into a pulsating d.c. error signal, the 
amplitude of which is varied in accordance with 
the strength of the a.c. signal. The demodulator 
also discriminates between an increasing error 
(right train or elevation) signal by having the 
output polarity change when the order signal 
changes. If the output across the demodulator 
load is polarized for an increasing order signal, 
the polarity across the load will reverse when 
a decreasing order signal is applied. Rectifica¬ 
tion (changing a.c. to d.c.) will be explained 
shortly. 


DC Amplifier 

The d.c. amplifier is the last stage of ampli¬ 
fication before the signal reaches the torque 
generator. The torque generator controls either 
an electrohydraulic servo valve or a rotary 
type valve located in the receiver regulators. 
These valves control the hydraulic output to 
the A-end of the hydraulic transmission power 
drive. A filter network in the output circuits to 
the torque generator prevents sudden changes in 
current from reaching the torque generator 
field windings. The d.c. amplifier receives two 
additional inputs. 

1. A dither signal from the 6.3V filament 
supply is induced, via a transformer, to the grid 
of a vacuum tube. This dither action maintains 
vibration of the hydraulic system to prevent 
valves in the system from sticking. 

2. Another signal is received from the B-end 
tachometer, which is geared to the B-end of the 
hydraulic transmission. It generates a voltage 
proportional to the speed of rotation of the B-end. 
This B-end velocity feedback reduces the B-end 
error when the gun is following roll signals. 

There are many more functions of a servo- 
amplifier which cannot be discussed in this text 
due to the amount of material that has to be 
covered. System OPs explain in detail the opera¬ 
tion of all elements of a servoamplifier. The 
purpose of this text is to explain the theory 
and application of a servoamplifier used in 
ordnance equipment. We have purposely by¬ 
passed some actions of servoamplifiers which 
are necessary for proper power drive opera¬ 
tion. 

In the next section of this chapter we discuss 
some of the servoamplifier refinements neces¬ 
sary for power drive operation, such as the 
action of the synchro changeover unit and how 
the a.c. error signal is converted to a d.c. error 
signal (rectification). 

RECTIFICATION 

Rectification is the name given to the proc¬ 
ess of changing alternating current to direct 
current. Our electrical error signals left the 
control transformer as alternating current, but 
the electron tube amplifier (for gun power drives) 
operates on direct current. Therefore, the signal 
must be rectified. This is done in the first 
stage of the amplifier. The device used is a 2- 
element electron tube, a diode (fig. 8-21). The 
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OUTPUT 

AAA 



Figure 8-21.— Changing The a.c. Error Signal to 
d.c. — Half-wave Rectification. 


filament is used only to heat the cathode. It 
is not considered as an element of the tube. 

When the cathode is heated it gives off elec¬ 
trons which form a space charge around it. 
Like the electrons in it, the space charge is 
negative. If a positively charged plate is near 
the space charge, electrons will be attracted 
and current will flow. The number of electrons 
that flow to the plate depends on the relation of 
the plate voltage to the cathode voltage. In no 
case can the current flow from the plate to the 
cathode, because the plate is not heated and 
therefore will not emit electrons. The diode 
tube, then, acts to pass current in one direction 
only. 

Our error signal from the control trans¬ 
former is alternating current. A simple diode 
like the one just discussed will pass only on- 
half of each cycle. Its output will be in only one 
direction (which is what we want), but it will be 
pulsating. This output of our diode is called 
half-wave rectification. It is not good enough 
for gun power drive amplifiers. 

The answer, full-wave rectification, is fairly 
simple. In figure 8-22 you see that the trans¬ 
former secondary is divided into two halves 
by a tap at the center of its winding. A diode 
rectifier tube is placed in series with each half 
of the secondary and the load. Effectively, you 
have two half-wave rectifiers working on the 
error signal voltage. 


On the first half cycle (fig. 8-22A), the a.c. 
voltage causes the upper diode plate to go posi¬ 
tive; current flows, and a pulse of voltage is 
sent across the load. On this half cycle the 
lower diode plate is negative with respect to its 
cathode and will not conduct. On the second 
half cycle (fig. 8-22B), the upper diode plate 
becomes negative and will not conduct; the plate 
of the lower diode, however, is now positive 
so that current will flow through it and the 
load. Since both pulses of current through the 
load are in the same direction, a d.c. ripple 
voltage appears across the load as in figure 
8-22C. In an actual circuit you will find an as¬ 
sortment of coils and capacitors which will 
then filter out the ripple, and the result will be 
straight line direct current. 




84.189 

Figure 8-22. —Basic Rectifier—Two Diode Tubes. 
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We have shown how full-wave rectification 
is accomplished by using two separate diode 
tubes. The more common way of diode rectifi¬ 
cation, however, is shown in figure 8-23. At 
first glance there may be little comparison with 
this circuit and that just described. A closer 
look, however, will reveal that the only differ¬ 
ence is that the two diode tubes have been put 
into one envelope, or glass housing. The two 
plates share a common cathode. The center 
tap from the transformer secondary is grounded, 
as is one end of the load resistor. The flow 
of current between the two is indicated by 
arrows. 

Like the basic full-wave rectifier, the duo- 
diode is connected to opposite ends of the trans¬ 
former winding so that there is always a 180° 
phase difference between the two plates. During 
one-half of the a.c. input cycle, one plate will 
draw electrons from the cathode. During the 
other half cycle, the other plate draws the 
electrons. 

Since the load resistor is connected between 
the cathode and the transformer secondary wind¬ 
ings, current flow through the load resistors 
is in the same direction for both half cycles. 

DUAL SYNCRHO SYSTEMS 

From an earlier section of this chapter you 
learned that synchro receivers play an important 
part in the power drive picture as error de¬ 
tectors. The control transformer type serves 
this purpose by itself. The other receiver, a 
torque synchro, works with the differential cam 
assembly. In each example of error detection 
(figs. 8-10 and 8-13), only one synchro re¬ 
ceiver is shown. One important fact was in¬ 
tentionally left out of the discussion. There 
are actually TWO receivers at the gun mount. 



Circuit—A Duodiode Tube. 


and they have two mates (transmitters) in the 
fire control system. One transmitter and one 
receiver are called the coarse system. The 
other pair is the fine system. The difference 
between the two receivers is in the ratio of the 
gearing connecting them to mount responses. A 
commonly used coarse synchro ratio is 1 to 1. 
This means that for every one revolution the 
gun mount makes, it drives the synchro through 
one revolution. The ratio of response-to-fine 
synchro is much higher, in most cases 36 to 1. 
This means that for every 1 degree of mount 
movement the fine synchro will be rotated 36 
degrees. Ten degrees of mount movement will 
cause the synchro to be moved 360°—one full 
turn. 

The use of the fine system provides the power 
drive with accuracy. The purpose of the coarse 
system is to prevent the fine system from attempt¬ 
ing to cancel out the error signal at multiples 
of 10 degrees from the true synchronization point. 
And in the case of the control transformer, a 
false point of correspondence can be set up not 
only at 10° multiples but at 5° as well. 

The control transformer, you recall, had no 
error voltage when its rotor was 90° from the 
resultant stator field (order). Electrically speak¬ 
ing then, the 36-speed CT has TWO angular 
positions (with respect to the stator signal) 
at which the rotor will have a zero voltage out¬ 
put. These positions are at right angles to the 
stator signal. A 90° OR 270° displacement of 
the rotor with respect to the stator signal will 
result in zero voltage at the rotor. 

Let us assume that an order signal tells the 
mount to train 5 degrees. Now the CT was ini¬ 
tially setting with its rotor winding at 90° to the 
stator signal. The 5° train signal would, in 
effect, be the same as rotating the 36-speed 
rotor through 180°; or to the 270° position of 
the CT and a zero voltage output. We have already 
seen how 10° of mount movement rotates the 
rotor through one revolution, therefore 5° of 
mount train should cause a 180° movement of 
the rotor. The 5° order, as far as the fine CT is 
concerned, is a zero error output. Theoretically, 
the mount would not move. 

This won’t do. A 5° train signal has been 
ordered and there seems to be no error voltage. 
We will see how this is compensated for by 
using the coarse CT and a synchro switching 
circuit. Actually we have been belaboring a 
point in the preceding discussion of the CT. 
Even without a coarse CT, the fine CT would 
probably cause the mount to drive to correspond¬ 
ence. This is because it is practically impos- 
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sible to get an absolute zero voltage from a 
synchro. 

In the next section of the chapter we will 
show how devices in the power drive choose 
between the coarse and fine systems. One method 
uses hydraulic pressures; the other uses electron 
tubes and a relay. 

Synchro Changeover 

For the first example of how a power drive 
chooses between coarse and fine control, look 
at figure 8-24A. Here are our old friends the 
fine pilot valve and differential cam assembly 
plus two new faces, the coarse synchro and 
pilot valve. Although the illustration shows both 
synchros receiving the order signal, we will 
disregard the coarse system for the present. 
From our earlier discussion you know that 
when there is a difference between mountposition 
(response) and the order signal, the fine pilot 
valve will be moved. Let us assume that there 
is a 90° error, calling for right train, and that 
this causes the fine pilot valve to be pulled 
upward. As the mount trains right, response to 
the differential cam and the fine synchro stator 
starts to cancel out the error by moving the 
fine pilot valve back toward its neutral position. 
As the response gear ratio to the fine system is 
36 to 1, it will take only 10° of mount movement 
to entirely cancel out the error signal (still 


disregarding coarse control). This would cause 
the power drive output to cease and the mount 
to come to a standstill while still 80° from true 
synchronization. Now let’s return to the coarse 
system. 

When the order signal was received at the 
fine synchro, the coarse synchro received the 
same signal. As the fine pilot valve was pulled 
upward the coarse pilot valve was pulled to the 
left. This causes the upper chamber of the 
fine pilot valve to be opened to exhaust through 
the coarse pilot valve. You can see, however, 
that any flow out from under the fine pilot valve 
is blocked. Through design, the coarse syn¬ 
chro will not move to the right to open the lower 
chamber of the fine pilot valve until the mount 
is within 3° of synchronization. At that time the 
fine synchro and pilot valve take over and drive 
the mount the remaining 3 degrees. There are 
relief cam assemblies (not shown) which permit 
the fine and coarse synchro rotors to follow 
order signals when the pilot valves reach their 
limit of travel. 

Another method by which a power drive 
chooses either the fine or coarse error signal 
is shown in figure 8-24B. In this example, the 
error signals are coming from 1-speed and 36- 
speed control transformer error detectors. You 
will remember that the output of CTs is elec¬ 
trical voltage, proportional to the amount of 
error. Both signals share a common lead, and 




Figure 8-24. —Two Methods By Which Power Drives Choose Between Coarse And Fine Control. 
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must pass through the contacts of a relay. At 
this particular instance the fine signal is being 
sent to the amplifier through the common lead 
and the closed contact 3-4. If the coil of the 
relay is energized, however, the contacts will 
be lifted. This will open the fine error signal 
circuit at 3-4, and will complete the coarse 
signal circuit through 1-2. The problem, then, 
is to energize the relay coil when the 1-speed 
error signal reaches a predetermined level. 
This level will correspond to about 3° of mount 
displacement from the order signal. 

The 1-speed error signal is applied to the 
primary of a transformer. The secondary of 
this transformer controls the voltage at grid 6. 
With no error signal the tube is conducting 
near saturation. This is due to circuit design. 
Now, when the 1-speed CT detects an error, it 
transmits a signal through the transformer to 
grid 6. The positive half cycle of the error 
signal on grid 6 will cause no appreciable in¬ 
crease in plate conduction since the tube is 
already conducting heavily. The negative half 
cycle, however, will cause conduction of the 
tube to decrease. This means that the average 
conduction of the tube through one full cylce of 
the error signal will be decreased. 

When conduction of the tube decreases, its 
plate voltage increases. This voltage change 
(positive) is sent to grid 7 of tube B, a conven¬ 
tional amplifier. The positive voltage on its 
grid increases the current flow through the re¬ 
lay coil. 

If the 1-speed error signal is large enough, 
the relay will lift. Closing contacts 1-2 con¬ 
nects the coarse error signal to the amplifier, 
at the same time disconnecting the fine error 
signal. The mount will follow the coarse error 
signal until the signal becomes so small that 
the relay is deenergized. This happens when 
the mount is very near synchronization. At 
this time the mount will continue to follow the 
error signal in fine control. 

Preventing Over swings 

Over swings are those small back and forth 
movements of a mount as it comes into corre¬ 
spondence with an order signal. They are espe¬ 
cially noticeable when the mount is shifted into 
automatic control while still some distance from 
its ordered position. Usually there are only one 
or two overswings before settling down. Devices 
in the power drive keep these annoying move¬ 
ments to a minimum, but cannot entirely eliminate 
them. This is due to the large inertia of heavy 


mounts and an inherent lag in all power drive 
regulating equipment. 

There are several methods of preventing 
large overswings. Because of their differences, 
no one method can be chosen to illustrate them 
all. In this section of GMG 3 & 2 we will pre¬ 
sent briefly the theory behind three separate 
methods. 

Method No. 1 is used with the error-de¬ 
tecting devices shown in figure 8-24A. Using 
only these devices, the power drive would drive 
at full speed toward synchronization under con¬ 
trol of the coarse pilot valve. No reduction in 
speed is possible until the fine system takes 
over, which would occur when the error has 
been reduced to about 1.5°. At this point the 
hydraulic valves in the receiver regulator would 
begin to function to slow the mount. No appreci¬ 
able slowdown would occur, however, until the 
amplifier valve is nearly at its neutral position. 
This means the error is not in the vicinity of 
30 minutes. It would be impossible to change 
the motion of the gun from that of maximum 
speed to that of the signal in the small amount 
of angle left. This situation will cause the gun 
to overrun the point of correspondence. 

To minimize these overruns, a synchronizing 
control device is added to the system. The 
function of this device is to serve notice to the 
power drive that synchronization is about to be 
reached. It will give this notice at some appre¬ 
ciable time and distance before the actual syn¬ 
chronization occurs. Acting on this advance 
notice, the power drive will operate to slow the 
gun down as it approaches correspondence. 

The synchronizing control device (SCD) is a 
small but complex hydraulic assembly consist¬ 
ing of a hydraulic motor, several valves, an 
intermittent drive, and shafting. The output of 
the SCD drives the stators of the coarse and 
fine synchros. Let us assume that the gun 
power drive is shifted to automatic, and that 
there is a large difference between gun position 
and gun order. 

On a 90° error signal when the selector lever 
is placed in automatic, the mount will start 
driving toward the point of synchronization. Mount 
response and the synchro control time out put 
are added together at differential D-2 to cancel 
out the coarse error voltage at a ratio of 2-1. 
As the mount reaches the false point of syn¬ 
chronization (45°) the coarse pilot valve moves 
to its center position and the fine pilot valve 
moves to its center or neutral position. At 
this time, the mount will momentarily come to 
a stop. All valves, except in the S.C.D., are at 
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their neutral position and all electrical error 
signals are at zero. At this false point of syn¬ 
chronization, the S.C.D. will reverse and it will 
drive back to its neutral position. The S.C.D. 
output at this time going to differential D-2 
side gear and mount response on the other side 
gear will cause the output of the differential to 
be zero. With no output of differential D-2, the 
coarse pilot valve will remain on neutral during 
the last 45° of mount travel. The output of the 
S.C.D. will go to the stator of the fine synchro 
and with no electrical error present, the stator 
and rotor will be driven together as the mount 
travels the last 45°. The mount will drive into 
synchronization at an ever decreasing speed. This 
decreasing speed is being caused by the offset 
centering valve moving back to its original 
neutral position. When the offset centering valve 
gets to a point where P3 and P4 are open equally 
to PX, the S.C.D. motor will detent and the motor 
will stop. The entire operation from the false 
point to true point of synchronization will be 
in fine control at an ever decreasing speed, 
thereby, eliminating over travel. 

The type of synchronizing control device just 
discussed is found in hydraulic power drives— 
chiefly those used with the 5"/38 twin mounts, 
and turrets. The SCDs used in turret power 
drives are driven by small electric motors 
rather than hydraulic ones, however. 

Method No. 2 is used with hydraulic drives, 
but is applicable only to the power drives on the 
5"/54 Mk 42 guns. While this power drive uses 
control transformers as error detectors there 
is a large difference between these and the CTs 
shown in figure 8-23. 

A CT usually has only one response —B-end 
response to its rotor. With the CT’s output 
controlling a power drive, mount movement 
drives the CT rotor in such a direction as to 
reduce the signal. When the mount arrives at 
its ordered position, response will have driven 
the rotor to its electrical zero position. There 
is no output, and the mount stops. 

In figure 8-25A, however, you see a different 
setup. Here there are two responses to the CT. 
The stator is geared to B-end output (mount 
response) and the rotor is geared to the rotary 
piston. The purpose of having two responses 
is to cause the A-end tilt box to start removing 
tilt before the mount arrives at its ordered 
position. The following is a brief discussion of 
how this is accomplished. 

As in a conventional CT, the error signal is 
produced by rotating a resultant of the three 
CT stator field voltages. The error voltages 


induced into the rotor windings are sent to an 
amplifier and on to a torque generator. Rota¬ 
tion of the generator moves a rotary valve. 
This switches hydraulic circuits to the rotary 
piston, causing it to turn in a direction equiva¬ 
lent to the desired movement of the mount 
(train or elevation). Rotary piston movement 
sets the hydraulic regulating devices in motion, 
causing tilt to be put on the A-end pump. This, 
you will recall, causes the mount to move. 

Even while this is happening, however, the 
moment the rotary piston moves, it turns the 
rotor of the CT in such a direction as to cancel 
out a portion of the original error. Now, as 
the mount moves toward its ordered position, 
B-end response moves the CT stators, also in 
a direction to cancel out the error. When the 
stators overtake and pass the rotor, a phase 
shift occurs in the signal voltage. The result 
of the phase shift is an output from the rotor in 
an opposite direction from the first error sig¬ 
nal. In other words, if the first signal called 
for right train and tilt is put on the A-end, the 
electrical phase shift will cause the error sig¬ 
nal to call for, in effect, left train. Hydraulic 
actions reverse in the regulator, and tilt begins 
to be removed from the A-end. Theoretically 
the A-end tilt box should reach neutral when 
the mount arrives at its ordered position. As 
you can see, these actions will prevent any 
prolonged over swings of the mount. Figure 8-25B 
shows in four steps the action described above. 

Method No. 3 is used to improve the syn¬ 
chronization of an electrically driven (ampli- 
dyne) mount to an order signal. This drive uses 
the conventional CT to develop the electrical 
error signal, and the electron tube amplifier to 
increase the signal. The method of reducing 
overswings for this drive, then, must be elec¬ 
trical. The problem is this: 

So that the power drive will accurately and 
speedily act on error signals, however small, 
it must be made very sensitive. This can be 
done by increasing the amplifier gain. This is 
technician’s talk for adjustments to a stage in 
the amplifier whereby the signal strength is in¬ 
creased or the reaction of a stage to the signal 
is increased. A gain might be adjusted too 
tight (high) and become unstable. This will re¬ 
sult in overswings. 

To smooth out the power drive operation the 
gain must be damped. In amplidyne drives this 
is most often accomplished by introducing volt¬ 
ages in opposition to the signal voltage. But 
damping, like gain, can be overdone. An over¬ 
damped power drive will take a long time to 
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synchronize. On the other hand, an under-damped 
power drive will hunt around, about the point of 
synchronization, due to the small amount of 
restraint placed on the error signal. Somewhere 
between the two extremes a balance must be 
obtained, so that the power drive will be accurate 
and smooth, and have a short synchronization 
time. 

The 3"/50 RF gun power drives are prevented 
from hunting by feeding several stabilizing volt¬ 
ages into the amplifier. These will modify the 
effect of the error signal. Two of these voltages, 
and their source, can be seen in figure 8-26. 

One of the voltages is the speed voltage 
originating at the stabilizing tachometer gen¬ 
erator. The other voltage is taken from the 
field windings of both the amplidyne generator 
and the mount drive motor. As this voltage is 
proportional to the amount of current drawn by 
the drive motor, it is called the "current" 
voltage. A fraction of each of these voltages 
is taken from a potentiometer. The sum of 
these fractions is sent to the amplifier, where 
it acts in opposition to the signal voltage to re¬ 
duce overswings. 

The current voltage, being proportional to 
the amount of current drawn by the drive motor, 
is strongest when the drive motor is reversing 
its direction of movement and drawing heavy 
current. The stabilizing tachometer generator 
is geared to the mount’s drive motor. The 
electrical output of this generator is propor¬ 
tional to mount’s speed. If the mount is swing¬ 
ing back and forth through its correspondence 
point it will have its greatest speed as it passes 
correspondence. Speed voltage will be greatest 
at this time. 


Q 

AMPLIDYNE 

GENERATOR 





Figure 8-26. —Two Synchronizing Circuits Of An 
Amplidyne Drive. 


Now to return to the big picture. When a 
mount, moving to the left, over travels its corre¬ 
spondence point, response immediately causes 
the error detector to reverse its signal; that is, 
it now calls for right train. The signal is 
opposed at the amplifier by the current voltage 
from the drive motor which is now attempting 
to reverse its motion and drawing heavy current. 
This will cause the speed of travel to be reduced 
as the mount backswings toward correspondence. 
If the mount again swings past correspondence, 
the speed voltage opposes the signal, further 
modifying it. So, by action of both synchronizing 
voltages each overswing is shorter than the one 
before. 

THE MOTOR 

Motors are the power drive components which 
accept the amplified error signal and do the 
physical work of moving the mount into corre¬ 
spondence with the order signal. They are motors 
in function only and bear no physical resemblance 
to the usual concept of a motor found in an 
automobile. We can say that a motor is a drive 
that causes, sets up, or imparts motion—a 
source of mechanical power or energy. 

There are two types of motor units used as 
part of a power drive servo-system. The first 
type to be discussed is the hydraulic A/B-end 
combination used on 5" guns and turrets. The 
second is a d.c. drive motor used with the 
amplidyne generator-motor combination power 
drive used extensively on 3"/50 RF mounts. 
The fundamentals of both type motors were 
explained in chapters 6 and 7. 

ELECTRIC-HYDRAULIC 
POWER DRIVE 

The previous topics of this chapter dealt 
with the functions of the separate units for 
control of a power drive servo. In this section, 
these functions are combined to give an overall 
view of a hydraulic control as it occurs. 

An order signal originates at an FCS, and 
represents the position to which the fire control 
director will position the gun. The order signal 
is applied to synchros in the receiver-regulator. 

A synchro receives the order signal, com¬ 
pares it with actual gun position, and generates 
an error signal (figs. 8-10 and 8-13). The 
error signal is amplified either hydraulically 
(fig. 8-14) or electrically (fig. 8-20), and applied 
to the hydraulic unit stroking pistons either 
directly from a hydraulic amplifier (fig. 8-14) 
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Figure 8-27. —Train Or Elevation Hydraulic Servosystem. 
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Figure 8-28. — Putting Tilt On The A-end Tilt Box. 
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or an electrohydraulic servo valve (fig. 8-15). 
Stroking piston motion controls the hydraulic 
transmission which rotates a drive pinion that 
positions the mount in train and elevation (fig. 
8-27). The stroke piston is the connection be¬ 
tween the amplified error signal and the A-end 
tilt box. Figure 8-28 shows two types of stroke 
piston control. Part A illustrates just one stroke 
piston; this type of control is usually used 
with the hydraulic amplifier shown in figure 
8-14. 

Part B shows two stroke pistons (the face 
of piston A is twice the size of piston B). Both 
of these systems function on the principle of 
differential in working area. The type shown in 
part B works in conjunction with the servo 
valve shown in figure 8-16. 

In chapter 6 we explained the functions of 
the major elements of a hydraulic power drive 
(CAB unit). We will review these elements before 
explaining how the A-end tilt box (plate) is 
positioned by the stroke pistons. The A-end 
(pump) is driven by a constant-speed electric 
motor. The output is made variable by action 
of the tilting box. The stroke piston which 
moves the tilt box is connected to the hydraulic 
amplified error signal by transmission fluid 
lines (fig. 8-27). The B-end (motor) is driven 
by the fluid output of the A-end. The speed 
of the B-end is dependent upon the amount of 
tilt of the A-end; more tilt, more speed. The 
direction of rotation of the B-end is determined 
by whichever fluid line is high pressure and 
which is return. The output of the B-end is 
mechanical rotation, it is directly connected 
to the mount train or elevation gearing (fig. 
8-27). 

Stroke Piston Operation 

In figure 8-28A the stroke piston is being 
acted upon by two hydraulic pressures. The 
1000 psi side is held constant and works on a 
certain size piston face area. The left side of 
the stroke piston is acted upon by a force made 
variable by our error signal. This force works 
on twice the stroke piston face area as that 
of the constant 1000 psi. In this case, 500 psi 
would balance it, and the stroking piston would 
remain motionless. Raising the pressure on 
the left side of the stroke piston above 500 psi 
moves the piston to the right and puts tilt on 
the A-end which causes left train and depression. 
Reducing the pressure below 500 psi shifts the 
stroke piston to the left, reversing the direction 
of A-end tilt causing right train and elevation. 


The hydraulic amplifier (fig. 8-14) controls 
the action of a single-stroke piston. 

In figure 8-28B you see practically the same 
actions. Here are two stroke pistons whose 
piston faces are of different sizes (the face of 
piston A is twice the size of piston B). The 
pistons are kept in balance by the same method 
shown in part A of figure 8-28, the main dif¬ 
ference being the amount of pressure used to 
control the stroke pistons. When an increasing 
order signal is applied to the servo valve (fig. 
8-17) a pressure differential is created which 
causes stroking piston A (fig. 8-28B) to move 
to the left. This action positions the tilt box 
and will cause the mount to train right, or the 
gun will elevate. When a decreasing order signal 
is applied to the servo valve (fig. 8-18), the tilt 
box will move in the opposite direction and the 
mount will train left or the gun will depress. 
In the next section we explain the devices which 
in the all-electric type power drive, receive 
the order signal from an amplifier, amplify 
it still further, and use it to power the drive 
motor on a gun mount. 

AMPLIDYNE GENERATOR 
POWER DRIVE 

An amplidyne power drive (fig. 8-29) consists 
basically of four units: 

1. Receiver-regulator; 

2. Amplifier; 

3. Amplidyne motor/generator; and 

4. D.C. drive motor. 

As explained early in this chapter, a power drive 
acts as a servosystem which uses feedback 
(response). In the amplidyne power drive, this 
type of feedback system is sometimes called a 
followup system. 

In the amplidyne followup system, each re¬ 
ceiver-regulator acts as a clearing-house for 
information. Gun laying is completely automatic 
(requires no assistance from personnel on the 
mount). 

The synchro control transformer located in the 
receiver-regulator receives the order signal 
which electrically indicates the required load 
position. The actual position is determined by 
means of the rotor of the synchro control trans¬ 
former which is rotated by the response shaft. 
The shaft in turn is geared to the load. 

The actual load position is compared by the 
synchro unit (error detector) with the position 
order signal. The angular difference between 
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the two positions constitutes the error signal. 
The error output of the error detector is trans¬ 
mitted to the amplifier (fig. 8-30). The error 
signal indicates the extent and direction of the 
error. 


The amplifier amplifies the error signal and 
converts it from a.c. to d.c. to energize the 
field windings of the amplidyne generator. 

The amplidyne motor /generator set is basi¬ 
cally a large power amplifier. Its power output 
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110.25 

Figure 8-30.—Amplidyne Followup System. 


depends on the strength of its control field control. 
The strength of the control field current depends 
on the extent of the error signal received from 
the amplifier. Therefore more power is applied 
to the d.c. drive motor for a larger signal than 
for a smaller one. 

The amplidyne generator, shown schemat¬ 
ically in figure 8-31, is a power amplifier on a 
large scale. Any generator is capable of ampli¬ 
fying power, but not enough to move a load the 
size of a gun mount. The amplidyne generator 
is capable of multiplying the input to its control 
windings (our order signal from the electron tube 
amplifier) as much as 10,000 times. The output 
of the amplidyne generator is applied to the 


drive motor on the mount and turns it in the 
proper direction to reduce the original error. 

From the illustration you can see that the 
control fields of the generator (F1-F2, F3-F4) 
are fed from two tubes (V213 and V214). These 
tubes are the third stage of the electron tube 
amplifier. In the second stage of the amplifier 
(not discussed), an elevation signal causes the 
control grid voltage of V213 to become more 
negative and that of V214 to become more posi¬ 
tive. This will result in heavy current for the 
F1-F2 field and light current for F3-F4. A 
depression signal has the opposite effect. 

In one field of the generator the windings go 
around the pole in one direction, and in the 
other field they go in the opposite direction. As 
long as the two currents are equal, their com¬ 
bined magnetizing effect is zero. If the F1-F2 
field receives more current, a field polarity 
will be set up and current will flow as indicated 
by the arrows. And naturally, if F3-F4 re¬ 
ceives more current, the field polarity will be 
reversed, and likewise the direction of current 
flow. 

The output of the generator is taken from the 
load brushes. It is proportional to the error 
signal on the control windings, but greatly am¬ 
plified. From the generator, the output goes 
as orders to the d.c. drive motor on the mount. 

The d.c. drive motors, located on the mount, 
train and elevate the gun by means of its gearing 
(fig. 8-29). The direct current to operate the 
drive motor is supplied by the amplidyne gen¬ 
erator. The rotation direction of the motor de¬ 
pends on the polarity of the output of the amplidyne 



84.187 

Figure 8-31. —Current Control And Amplification Through The Amplidyne Generator. 


321 


Digitized by v^.ooQLe 





GUNNER'S MATE G 3 & 2 


generator. The direction of this output, in turn, 
depends on the direction of the error signal. 
Consequently the motor moves the load in proper 
direction to reduce the error. 

As long as there is an order signal present, 
there also is an error signal. Without an error 
signal, no power would be supplied to the drive 
motor to move the mount. Because of the immense 
amplification capability of the amplidyne (as 
much as 10,000 times the input), the necessary 
power to drive the motor can be provided even 
when the error is extremely small. 

So far in this chapter we have discussed 
power drives that use response. Response is 
that part of a power drive servo that tells the 
error detector that the order signal has been 
carried out, or we can say that response is the 
movement effected by servo operation, or a 
signal based on it. This signal is fed back to 
the error-sensing device at the system input, 
also called "feedback". Feedback is that signal 
from the servo output fed back to input to regu¬ 
late servo action. 

Before going into a technical study of re¬ 
sponse, let us examine a situation that explains 
response (feedback) that might occur during 
your daily routine aboard ship. 

The situation goes like this: The leading 
chief of a gun battery (GMGC Lightfoot) re¬ 
ceives orders from the fire control officer for 
GMG 3 Lightning to report to director one 
for a training period. The chief locates gunners 
mate Lightning and orders him to report to 
director one, he also instructs Lightning to 
notify him (the chief) by telephone as soon as 
he has carried out the order. 

If you examine this exchange of orders you 
may find this example is not so far out after 
all. The Chief, in receiving an order for Lightning 
and locating him, acted as an error detector, 
the error being that Lightning was not at director 
one. The error was canceled by Lightning's 
arrival at the director. Response was the tele¬ 
phone call to the Chief made by Lightning when 
he arrived at the director. 

RESPONSE 

Of course, the situation described above is 
not a technical example of response. A better 
description is found earlier in this chapter 
where response was shown to be one of two in¬ 
puts to the error detector. Response told the 
error detector what the existing conditions of 
the mount were — whether the mount was stand¬ 


ing still or whether it was moving, and if so, in 
what direction. 

Generally speaking, the devices used to trans¬ 
mit response fall into two categories —mechani¬ 
cal and electrical. Response produced electrically 
is usually given the name feedback, and is most 
extensively used to cancel out speed error signals 
produced locally at the gun mount. Signals thus 
produced are not covered in this chapter, so 
we will not explore electric response. 

Mechanical response is transmitted by a 
system of shafts and gearings. It may be taken 
directly from the B-end motor of a hydraulic 
power drive, or from the d.c. drive motor of 
the amplidyne system. 

Return to figure 8-10 and you will see re¬ 
sponse connected to the differential cam as¬ 
sembly. Here, you remember, an order signal 
caused the fork to rotate, and move the fine 
pilot valve in a certain direction, let's say up¬ 
ward. As the mount moved in accordance with 
the ordered signal, response was fed back to 
the differential cam, rotating it. Through de¬ 
sign, response rotates the cam in such a way 
as to turn the fork (and move the fine pilot 
valve) back toward its neutral position. When 
the mount arrives at its ordered position, the 
fine pilot valve will be returned to neutral. 
This cancels any further error signal into the 
hydraulic regulating components of the power 
drive, and the mount comes to a halt. 

Another example of response is shown in 
figure 8-13A. Here it is geared to the rotor of 
the control transformer. In this case, when 
the mount arrives at its ordered position the 
CT rotor has been turned so that it is 90° from 
the order signal. The error has been satisfied, 
and there is no further output from the rotor 
windings. The control windings of the ampli¬ 
dyne generator balance once again, and the 
drive motor at the mount stops. 


SAFETY 

Today’s naval ordnance and the science of 
gunnery have become so bulky and complicated 
that safety has become a major subject. Auto¬ 
matic functions of gun, rocket, and missile 
system power drives msices repair and adjust¬ 
ments a hazard unless the Gunner’s Mate's 
emphasis is placed on safety around machinery. 

Most of the safety warnings and precautions 
that you come across in the course of your work 
are the result of accidents which caused death 
or injury due to carelessness. Safety around 
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ordnance machinery is based on common sense 
which prevents accidents. Safety means to keep 
alert; know what you are doing at all times. 
When working around ordnance machinery de¬ 
velop good safety habits. Here are some safety 
pointers to remember while working around 
ordnance gear. 

Whenever any motion of a power drive unit 
is capable of inflicting injury to personnel or 
material, not continuously visible to the person 
controlling such motion, the officer or petty 
officer authorizing the unit to be moved by power 
shall insure a safety watch. The safety watch 
shall be omitted in general quarters, but must 
be maintained in areas where such injury is 
possible, both inside and outside the unit being 
moved. There shall be telephone or other effec¬ 
tive voice communication established and main¬ 
tained between the station controlling the unit and 
the safety watch. 

Safety practices in maintenance and repair of 
ordnance gear involve not only the gear itself, 
but the tools with which you perform the repair 
and maintenance work. 

Never lay hand tools on top of running ma¬ 
chinery where vibration can cause the tools to 
fall into exposed working areas. 

Avoid performing maintenance operations a- 
round running machinery, hydraulic systems 
which are under full pressure, or energized 


electrical equipment unless it is absolutely nec¬ 
essary. 

Safety precautions must be taken when per¬ 
forming maintenance, testing and operating of 
ordnance hydraulic or pneumatic equipment. The 
high pressure liquid and air can cause major 
injuries to your face, hands and other parts of 
the body by jets of air or liquids escaping from 
valves or pipe connections which are highly 
pressurized. 

When working with high pressure systems 
always bleed off air and hydraulic pressures 
before working on any ordnance equipment. 

When working around rotating machinery, 
remember the following safety precautions: 

1. Never wear loose clothing. 

2. Never remove a guard or cover from 
running machinery. 

3. Never operate mechanical or powered 
equipment unless you are thoroughly familiar 
with it’s control and functions. 

4. Be sure all personnel are clear of moving 
parts before starting or operating power equip¬ 
ment. 

5. Never try to clear jammed machinery 
without first cutting off all power to the equip¬ 
ment. 

Remember, safety is a state of mind. 
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GUN MOUNTS AND TURRETS 


Gun emplacements aboard a ship are divided 
into two major assemblies, the mount and turret. 
A mount is an assembly manufactured in a gun 
shop and then positioned or hoisted aboard a ship. 
A turret is so massive that it requires assemlby 
of its parts during ship's construction. 

The purpose of any gun mount or turret is 
to house one or more guns, gun being the correct 
name for a barrel. A gun barrel is used to 
deliver a projectile to a target. The projectile 
is designed to inflict maximum damage to a tar get, 
either by hittiig the target or exploding within 
a target area. 

Targets are classified by types as to their 
methods of attack, air or surface, and their degree 
of threat based on target's position and the types 
of delivery systems of their weapons. 

Modern gun mounts and turrets have been 
effectively developed to meet the threat of all 
types of targets and comprise an entire system 
of gun supporting parts which enable them to rapid¬ 
ly load, position, and fire their projectiles with 
such speed and accuracy that they have become 
the backbone of the United States Navy's support 
forces in all wars since the early 1900s. 

This chapter is devoted principally to those 
significant features of modern gun mounts and 
turrets that are responsible for making them the 
effective weapons they are today. Each feature 
is duscussed individually in a somewhat simpli¬ 
fied form, with enough detail regarding its ap¬ 
plication to facilitate the readers understanding 
of operating principles when he encounters them 
in actual gun mounts and turrets aboard ship. 
This chapter is divided into two sections. In the 
first section, we explain how the major assemblies 
and subassemblies make up a modern gun mount. 
In the second section, we discuss some of the 
similarities between gun mounts and turrets, and 
then point out the major differences between them. 


GUN MOUNTS 

Depending upon sizes and functions of gun 
mounts, their subassemblies will vary, but the 
basic components are common to all gun mounts 
40mm and larger. We can break down their 
main assemblies into the following components! 

1. Barrel, 

2. Housing, 

3. Slide, 

4. Carriage, 

5. Stand, 

6. Breech assembly, and 

7. Gas ejection System. 

BARREL 

A gun is essentially a tube closed at one end, 
from which a projectile is ejected by gases from 
a burning propellant. The term properly applies 
to the tube or barrel only, but is often applied to 
the entire mount assembly. A barrel is that part 
of a gun structure which contains the bore. From 
this information we can state that the barrel is 
actually the gun proper. 

A modern gun barrel is a thick-walled, metal 
tube which houses a propellant charge and pro¬ 
jectile in its breech end. When the gun is loaded 
and then fired, it issues the projectile from its 
muzzle end. 

The features of a gun barrel are shown in fig¬ 
ure 9-1 for both case and bag guns. 

At the rear or breech end of the gun barrel 
is a breech housing, which houses the breech¬ 
block or plug; this can be opened for loading and 
closed for firing by a breech mechanism. The 
purpose of the breechblock or plug is to seal 
off or block the gun chamber. 

The chamber is the thickest part of a gun 
barrel. The gas pressure caused by the burning 
propellant is at its maximum within the chamber, 
therefore, this section has to withstand the initial 
shock of the propellant's exceedingly high burning 
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Figure 9-1. —Gun barrels: A. Cross section of modern Navy bag gun. B. Cross section of 3"/50 

(case ammunition, fixed). 


rate. The purpose of the chamber is to house the 
propelling charge when the gun is ready to fire. 

The bore is that part of a gun barrel which 
provides a path for the projectile to travel and 
is rifled to provide projectile spin for greater 
accuracy. 

Rifling is that part of the bore'sinner surface, 
made up of spiral grooves, that imparts rotation 
to the projectile. It also seals off the forward 
end of the chamber at the origin of rifling and 
prevents the burning propellant gases from escap¬ 
ing out through the muzzle end. The origin 
of rifling is at just forward of the chamber and is 
approximately the same location as the forcing 
cone. 

The forcing cone, (fig. 9-2), is where the ro¬ 
tating band of the projectile is forced into the 
rifling when the projectile is loaded. Since rifling 
serves an important function, we will explain it 
in more detail. 

Rifling 

Early Navy guns were capable of hurling a 
projectile a considerable distance but their fire 
was so inaccurate at long ranges that the gun's 
capability for a target hit was reasonable certain 
only at point-blank ranges of 80 to 100 yards. 
Early experiments with ordnance showed that, 
ballistic ally, a round ball used as a projectile 
was the worst shape possible. In order to improve 


range and accuracy, larger round shot were used 
with the understanding that wind and air resistance 
would be less in massive round shot than lighter 
ones, thus increasing both range and accuracy. 
Since the smooth-bore cannons were capable of 
firing only round shot, it was difficult to make a 
projectile more massive. This was due in part 
to the size of the cannon having to be increased 
as the round shot's size was increased. In order 
to limit the size of a cannon, the round shots were 
made more massive by making them longer. 
Experiments proved that unless the projectile 


ORIGIN OF RIFLING 



Figure 9-2. — Cross section of gun chamber. 
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liner with rifling, matching reference marks, 
and jack lugs. 



could be made to spin around its long axis, it 
would tumble errativally end-over-end and would 
be harder to control than the smaller spherical 
round ball shot. This type of projectile had the 
ballistics of a brick. 

Accuracy and longer ranges of modern guns 
have been improved by adding rifling, and by 
elongating gun projectiles. If you have ever 
watched a football game, you have seen how the 
shape of the football cuts down both wind and air 
resistance due to its pointed ends. The player 
who throws the football improves his accuracy by 
making the ball spin; that is what rifling does to 
a projectile. 

Rifling is a set of spiral or helical grooves, 
machined into the bore of the gun, (figs. 9-3 and 
9-4). In most types of larger guns, the rifling 
is cut into a liner; fig. 9-3 shows the rifling 
cut into the liner of an 8-inch turret of recent 
design. The purpose of using a liner is to pre¬ 
vent replacing the entire gun barrel when the 
rifling is worn down to a point that it affects 
the initial velocity of the projectile. Each round 
fired through the gun causes erosion (wear in 
the gun bore). The major result of wear of the 
rifling is the loss of pressure applied by the 
burning propellant as it forces the projectile 
through the bore. In chapter 3 you learned that 
the projectile's rotating band prevents the pro¬ 
pellant gases from escaping out through the 
muzzle end of the barrel. Since each projectile 
is forced into the gun's rifling at the origin of 
rifling, this is the area of the barrel that receives 
the most wear. When the erosion becomes too 



84.143.1 

Figure 9-4.— Rifled bore (viewed head-on). 


84.143.2 

Figure 9-5. — The rifling engraves the rotating 
band. 
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84.143.3 

Figure 9-6. — Rotational velocity is imparted by rifling. 


great, the gun liner has to be replaced. The 
fire control technicians can compensate for 
erosion by making initial velocity correction to 
their computers, but only up to a certain point, 
after which a new barrel or liner must be 
installed. New liners (fig. 9-3) are forced into 
the gun tube and keyed into place. The liner can 
be jacked out of the gun tube by means of jacking 
lugs, which serve to anchor a jack when replacing 
a liner (fig. 9-3). The type of rifling shown in 
figure 9-4 is machined into the gun bore and when 
worn, the entire gun barrel must be replaced. 

In figure 9-5 you can see how the spiral grooves 
engage the copper rotating band secured to the 
body of the projectile and twist it as it moves 
through the barrel. By the time the projectile 
has left the muzzle (fig. 9-6), it is spinning 
at great speed. In some guns it rotates about 
40,000 revolutions per minute. 

In figure 9-4 the rifling is shown viewed from 
the muzzle end of a barrel. The raised portions 
of the rifling, between the grooves, are called 
lands (fig. 9-7). In nearly all naval guns the 
rifling has a uniform right-hand twist. The pro¬ 
jectile is turned clockwise, as viewed from aft 
(fig. 9-6) as it travels through the gun bore. 
You can also see how the rotating band is deeply 
engraved by the rifling as the projectile leaves 
the gun barrel. The rifling of modern guns is 
chrome plated for longer service life. 


The bore diameter or caliber of a rifled gun is 
measured from the top of one land (the high 
surface between grooves) to that on the opposite 
side of the bore (figs. 9-4 and 9-7). The diameter 
of a gun's bore is also used to express the length 
of the gun's bore. For example, the term 16 
inch 50 means that the diameter of the bore is 
16 inches and the length of the gun's bore is 
50 calibers long; the actual length of the gun 
barrel bore is (16 x 50) or 800 inches. 

Exterior Sections 

The other features of a gun barrel are 
classified as the exterior sections, as shown 


DIAMETER OF BORE (TOP OF LANDS) CALIBER 
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in figure 9-1. Starting at the muzzle end we 
have the bell, which is the thick part of the 
muzzle. It discourages any tendency for the 
metal to split. Many guns do not have this 
feature, but have lugs as shown in figure 9-3. 
The next section is the neck, which is the 
thinnest part of the gun barrel (fig. 9-1). 

Next, we have the gun chase, which is the outer 
section between the slide cylinder and the muz¬ 
zle bell. The slide cylinder is that part of the 
gun barrel which moves within the slide during 
recoil. The rear cylinder surrounds the chamber 
in some type guns. The yoke is the chief support 
of recoiling parts. A gun housing is equivalent 
to the yoke and houses the breech mechanism on 
case guns (fig. 9-1). 

HOUSING 

The housing moves in recoil and counterre¬ 
coil on the bearing surfaces in the slide. The 
barrel is locked into the housing (fig. 9-8) by 
a bayonet joint and a locking key. The housing 
has the breechblock guideways for sliding wedge 
type breechblocks to work in. The housing also 
contains half of the recoil system. In the 5"/38, 
two recoil cylinders are machined into the housing. 
These cylinders ride back and forth over sta¬ 
tionary pistons, buffing the rearward movement of 
the gun when it fires. In the 3"/50 RF the housing 
is attached to the piston and moves it forward and 
aft in a stationary cylinder to buff recoil. 

The housing (and barrel) are IN BATTERY 
when they are in their full forward position. In 
most cases a mark is painted on the housing 
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Figure 9-8. —The barrel is fastened in the 
housing with a bayonet joint and locking key. 


to line up with a similar mark on the slide when 
the gun is in battery. This is a safety feature; 
it is checked by some member of the gun crew to 
prevent firing when the gun is not in its full 
forward position. 

SLIDE 

The slide doesn't slide, but it is fitted with 
bearing surfaces which support and guide the 
sliding (recoiling) barrel and housing. The gun 
is elevated and depressed by elevation gearing. 
This gearing is connected to the slide by a pinion 
which meshes with an elevating arc. The ele¬ 
vating arc is a segment of a large external 
spur gear, and is solidly bolted to the slide. 




84.153 

Figure 9-9. —The slide. A. Main features. 
B. Principle of elevating mechanism. 
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Figure 9-10. — Vertical (radial) and horizontal 
roller bearings carry the loads and thrust. 


The slide comes in many shapes and sizes; 
but it can always be recognized because the 
trunnions are a part of it, and it carries the 
recoiling parts of the gun. Figure 9-9 shows 
some features of the slide. 

CARRIAGE ASSEMBLY 

The carriage generally consists of two main 
parts: the base ring, and the gun carriage itself. 



Figure 9-12. —The carriage. A. Upper 



Figure 9-11. —Holding-down clips permit 
rotation but prevent separation. 

The base ring, a large rectangular weldment 
with a circular deep section ring at the bottom, 
rides on the horizontal roller bearings in the 
stand. Horizontal bearings (fig. 9-10) support 
the weight of the carriage, and will take up any 
thrust during firing. Vertical bearings are used 
to carry any radial load caused by the roll and 
pitch of the ship, and the horizontal thrust of 
firing. 
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Holding-down clips (fig. 9-11) are bolted to 
the base ring and hook under the training circle. 
There is enough clearance to permit the mount 
to train freely. But the clips will prevent the 
mount from bucking upward during firing, or 
while in heavy seas. 

The carriage, which carries the gun proper, is 
bolted to the base ring. Basically the carriage 
consists of a pair of massive brackets (called 
cheeks) firmly braced together. The carriage 
cheeks are machined and fitted to hold the trun¬ 
nion bearings. The trunnions (machined onto the 
slide) work in these bearings, making it possible 
to elevate and depress the gun (fig. 9-12). 

STAND 

The stand (fig. 9-13) is that part of the gun 
mount which is firmly secured to the ship's 
deck. It carries the weight of the rest of the 
mount. Bolted to the stand is the training circle, 
a large internal spur gear. A large pinion gear 
in the train gearing meshes with the training 
circle. When this pinion is rotated (by either a 
power drive or handwheels) the pinion walks 
around the training circle, turning the mount. 

To reduce friction between the trainable por¬ 
tion of the gun mount and the stand, several sets 
of bearings are used. As you remember from your 
study of bearings with rolling contact (chapter 6), 
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Figure 9-13. — Details of the stand. 
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Figure 9-14. — Main assemblies of 5"/38 
dual-purpose gun. 


these bearings require two roller paths (races). 
The gun mount stand contains the stationary 
races; the carriage provides the moving ones. 

In figure 9-14 the main assemblies are 
illustrated to reveal what might be called the 
skeleton of a gun mount. They are stripped 
away from each other to show how the main 
assemblies of a gun mount fit together to form 
a complete major unit. 

BREECH MECHANISMS 

The breech mechanism used with gun mounts 
is classified as a vertical sliding wedge breech 
block. Guns whose propelling charges are con¬ 
tained in metal cases use this type of breech 
mechanism, which functions not only to seal 
off the chamber of the gun but also to extract 
the fired metal case out of the gun chamber 
during the guns counterrecoil cycle. Sliding 
wedge breech blocks can be operated either 
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mechanically or hydraulically and differ only in 
their design. They all serve the same purpose. 
The operation of breech mechanisms will be 
discussed in detail in the following chapter. 

GAS EJECTION FUNCTIONS 

The purpose of a gas ejection system is to 
prevent a flareback, caused by the ignition of re¬ 
sidual gases in a gun bore just after firing. When 
a gun fires, not all of the propellant may be 
completely burned; there is often an inflammable 
gray smoke left as a residue. These gases are 
unsafe to breathe and are likely to be either 
combustible or actually burning. They are some¬ 
times capable of spontaneous combustion when 
mixed with air in an enclosed space. A gas 
ejection system will force these poisonous gases 
out the muzzle end of the gun by a blast of air. 
All enclosed gun mounts and turrets have some 
type of gas ejection system. 

The possibility of a flareback in a bag type gun 
is great, due to the possibility of a smoldering 
fragment (from the silk fabric encasing the pro¬ 
pelling charge) still being in the gun chamber after 
the previous shot. Before the next round is 
loaded, the gun bore must be checked to see if 
it is fouled. A foul bore check is mandatory for 
bag type guns, and a bore clear report must be 
made before the next round is loaded. Since 
gas ejection systems serve the same purpose, 
we'll explain the type installed in a gun mount. 

GAS EJECTION SYSTEM 

Fundamentally the gas ejector is a system of 
piping that connects several ports or nozzles in 
and around the breech with the ship's compressed- 
air supply. In the gas ejector illustrated in fig¬ 
ure 9-15, the nozzles are located right behind 
the breechblock, so that the blast is directed up the 
gun bore. 

The air valves of all gas ejector systems open 
automatically during the firing cycle. The method 
for closing them varies according to the gun. The 
5"/54 Mk 42 closes automatically between each 
round. The 5"/38 system shuts off as the pro- 
jectileman rams a new charge into the breech. 
Gas ejection air is shut off by hand in turret 
guns. 

Gas ejector systems operate at 55 to 200 psi, 
depending upon the particular installation. The 
air comes from the ship's air compressor (low 
or medium pressure). Sometimes a ship's high 
pressure system (over 1000 psi) is connected 


through reducers to gas ejection piping for 
emergency use. 

Let's trace the gas ejector system a little 
further back. Air is fed to the air valve by an 
expansion joint, which consists of two pipes 
fitting one within the other and equipped with 
packing so that the air cannot leak out. The 
inner pipe can move with respect to the outer as 
the gun moves in recoil and counterrecoil. Thus 
air can go through the system even while counter¬ 
recoil is taking place. 

Naturally, the gas ejection system must op¬ 
erate effectively at all angles of elevation and 
train. To make this possible, the air is led in 
through swivel joints, which permit one section 
of pipe to rotate with respect to the other with¬ 
out permitting air leakage. If the air line comes 
up from the ship's supply, through the center or 
base of the mount, a swivel joint there will per¬ 
mit movement in train. Leading the line by a 
swivel joint at the trunnion, about which the 
elevating parts of the gun move, permits free 
movement in elevation and depression. 

On older mounts and turrets you'll often 
find flexible hose connections for hooking up 
to a standby air line in an emergency. 

One more thing about gas ejectors. They are 
intended to help prevent flarebacks, but, es¬ 
pecially in bag guns, they are not automatic in- 
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surance against either foul bores or flarebacks. 
After firing a shot, every bore is a foul bore. 
All the gas ejector can do is remove dangerous 
gases faster than they would dissipate of them¬ 
selves. 


CLASSIFICATION OF 
MOUNTS 

There are many ways to classify gun mounts. 
Depending upon whether or not they have shields 
to protect the gun and crew from the weather 
and splinters, mounts are called either open 
or closed. Depending upon how many guns (bar¬ 
rels) a mount has, it can be single, twin, or 
quad. And so on. For the purpose of this text 
however, gun mounts will be classed as to: 
Battery, Calibers, and Functioning. 

BY BATTERY 

For some time Navy gun mounts were classed 
by batteries using the terms main, secondary, 
and antiaircraft. There is no firm law laid down 
for dividing gun mounts into these classes. That 
is, a gun such as a 5"/38 would likely be part 
of the antiaircraft battery on a cruiser, but on a 
destroyer it would be considered part of the ship's 
main battery. The classification of gun mounts 
according to this plan varies from one type ship 
to another, and is a matter of local option. Gen¬ 
erally speaking, the main battery would be the 
ship's primary fighting weapons with considera¬ 
tion given to the punch that the weapons deliver, 
and their range. Secondary batteries would be the 
ship's second string of ordnance. Usually these 
guns are of shorter range than the main battery, 
but have a better rate of fire. The antiaircraft 
batteries will be made up solely of guns designed 
to be fired against aircraft. 

A system which eliminates much of this over¬ 
lapping of classification is now being used in 
several official publications. Gun mounts under 
this system divide guns into the following three 
classifications. 

SURFACE BATTERY. —These weapons are 
designed to be used against surface or shore 
targets only. Turrets belong here. 

DUAL PURPOSE BATTER. — These weapons 
are designed to be used against both surface (or 
shore) and aircraft targets. Also, the fire con¬ 
trol system with which they are normally as¬ 


sociated is equipped to handle both surface and 
AA problems —for example, 5" guns. 

MACHINEGUN BATTERIES.— Guns belonging 
to this classification are primarily antiaircraft 
weapons. In emergency, of course, they could be 
used against any target, but their associated fire 
control equipment can compute accurately for AA 
targets only. 

BY CALIBER 

Guns are often classified by the caliber of 
their bore. The names of the classes are major, 
intermediate, and minor. 

Major caliber guns are thse 8-inch and 
above. 

Intermediate caliber guns are those under 8 
inches and above 3 inches in caliber. At present 
this class includes all 5-inch guns and the 6-inch 
rifles in the turrets. 

Minor caliber guns are those 3-inch and 
below (not including small arms). 

BY FUNCTIONING 

Guns are classed as to functioning (type of 
fire) as*. 

Single fire, where the breech mechanism is 
always opened and closed by hand. Turret bag 
guns belong to this class. 

Semiautomatic, which use the force of ex¬ 
plosion to open the breech, eject the cartridge 
case, and cock the firing mechanism. Loading, 
however, requires a member of the gun crew 
to place a round in the breech or tray. The 
5"/38 and 6"/47 case guns are examples of 
semiautomatic guns. 

Automatic, which use the force of the ex¬ 
plosion to perform all loading and reloading 
operations. 40-mm's are automatic guns. 

Rapid fire (RF), which use power-operated 
equipment to automatically load rounds into the 
breech as long as the electrical loading circuits 
are closed. 3"/50, 5"/54 Mk 45 and Mk 42, and 
8"/55 case guns are examples of rapid fire guns. 

FEATURES OF GUN MOUNTS 

There are several distinctive features that 
are found in all modern gun mounts which will 
vary according to the gun mount's functions. 
These varying features apply to the types and 
characteristics of their sub-systems. We have 
discussed the gun mount's main assemblies. 
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We will now show the difference between the 
gun mounts most likely to be found aboard 
combat ships in today's Navy. Though gun mounts 
differ in varying forms, they all have the fol¬ 
lowing modern characteristics: 

1. Electrical firing; 

2. Ammunition feed systems, power ram¬ 
mers, power hoists; 

3. Hydraulically controlled recoil and coun¬ 
terrecoil systems; 

4. Training and elevating power drives; 

5. Remote control; and 

6. Sighting equipment. 

The gun mounts to be discussed are the: 
3"/50 RF, 5"/38 DP, and 5"/54 RF. 

3"/50 RF GUN MOUNT 

The 3"/50 rapid-fire guns are semiautomatic 
guns with automatic power-driven loaders, in¬ 
stalled in open or enclosed twin or single mounts. 
They are primarily intended for air defense, 
but can be used against surface targets. They 
were planned during World War II when a need 
developed for a rapid-fire gun with a larger ex¬ 
plosive projectile that could stop suicide planes 
or dive bombers. The 3"/50 mount was not com¬ 
pleted in time to be used in combat in World 
War II, but it has since proved itself very effect¬ 
ive, and since World War II has virtually dis¬ 
placed its predecessors—40-mm twin and quad¬ 
ruple mounts —on combat vessels. It is generally 
used with relative-rate fire control systems. 

The 3"/50 rapid-fire mounts now operational 
in the fleet are the outwardly identical twins 
Mk 27 and mods and Mk 33 and mods, and the 
single Mk 34. All use the same gun and similar 
loading mechanisms (except that in the twin 
mount the assemblies are of opposite hand). The 
two marks of twins are similar in nearly all 
details except the slide (fig. 9-16). 

Two mods of the Mk 33 are enclosed twin 
mounts with aluminum shield. The other mods are 
twins with modifications for installation of a fire 
control radar antenna, or for substitution of 
aluminum platforms instead of steel. The Mk 34 
mount is an open single, similar in controls and 
equipment to the twin, with a right-hand slide 
and loader assembly. 

CONSTRUCTION 

The barrel of the 3"/50 gun is a one-piece, 
rifled, chambered tube, with breech and locked 


to the housing by a bayonet type joint. The housing 
contains the vertical sliding-wedge breech mech¬ 
anism. The slide supports the recoiling parts 
(gun barrel and housing) on bearing. Recoil and 
counterrecoil movement are controlled by a hy¬ 
draulic recoil cylinder and a large counterrecoil 
spring surrounding the barrel. 

The slide, gun, and housing are supported by 
the carriage. The slide trunnions rest in roller 
bearings at the top of the carriage. The elevating 
arc on the slide meshes with the elevating pinion 
of the mount elevation power drive system. 

The stand is a deck-flange, base-ring design 
which includes the training circle and the station¬ 
ary roller path. In train, the mount is driven by 
a power motor which rotates the training pinion. 

AUTOMATIC LOADER 

In many features of design the 3"/50 rapid- 
fire gun differs markedly from other gun mounts 
chiefly by its automatic loader. 

The loader is an independent, electric power- 
driven machine mounted on the after part of the 
slide. It mechanically loads each gun at the rate 
of 45 rounds per minute as long as ammunition is 
served, as shown in figure 9-17, and the firing 
control is operated to fire. 

The major loader components that will be 
discussed are the — 

1. Loader drive unit, 

2. Hopper, 

3. Transfer tray and shell carriage, 

4. Control system, 

5. Left side plate, and 

6. Right side plate. 

The loader drive unit consists of a 3-horse¬ 
power motor and various chain and gear drives. 
Most of the latter are located in the main housing, 
which is a large, square, boxlike structure moun¬ 
ted on top of the gun slide. The drive motor is 
flange-mounted to the forward face of this hous¬ 
ing. The drive motor drives the gearing and 
chains which in turn cause all the mechanical 
parts of the loader to function at the proper 
time and in the proper sequence. 

The hopper, into which the ammunition is 
manually fed by the two shellmen, is located 
directly abaft the main housing and is secured 
to the left and right side plates. 

The heart of the hopper is the hopper feed 
mechanism, which consists of right, center, and 
left shaft-and-sprocket units and right and left 
round-aligning attachments. The aligning attach- 
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Figure 9-16. —3"/50 RF twin mount Mk 27 Mod 3. (Mk 33 is externally similar.) 
Inset: 3"/50 twin mount Mk 33 Mod 4. 


by Google 


334 









Chapter 9 —GUN MOUNTS AND TURRETS 



84.66 

Figure 9-17. — 3 M /50 rapid-fire gun. Ammunition service to loader. 


ments ensure that the ammunition is correctly 
loaded by the shellmen. 

The right and left sprockets revolve inter¬ 
mittently in one direction to move ammunition to 
the center. The center sprocket revolves in al¬ 
ternate directions to accept rounds from right 


and left sprockets. After five rounds have been 
loaded, the first round will be indexed (loaded 
into the transfer tray for catapulting) by the 
center sprocket. (See figure 9-18.) 

The transfer tray and shell carriage unit is 
the loader component that moves each round of 
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ammunition from its index position down into 
line with the gun bore, and catapults it into 
the breech chamber. (See figure 9-19.) The 
tray is a rectangular box structure with 2 sprock¬ 
ets, 1 in each end of the tray, about which the 
endless ramming chain is looped. 

The tray is supported and positioned by four 
arms pivoted in the right and left side plates. 
The two left tray arms, hence the whole tray 
assembly, are driven by the transfer-tray drive 
gears mounted in the left side plate. Drive for 
the rammer chain comes from concentric shafting 
through the left forward tray arm to the forward 
chain sprocket. 

Secured to the rammer chain on the upper 
part of the tray is the shell carriage, a small 
L-shaped casting, to support, transport, and 
release the round on the tray during the ramming 
cycle. The cycle of operation of the transfer 
tray assembly begins when an indexed round 
from the hopper seats in the shell carriage. 
The four arms then begin to rotate about their 
pivots, translating the tray forward. 

When the tray is almost in line with the breech 
opening, it begins to swing forward toward the 
breech. At this point the rammer chain begins 
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Figure 9-18. —3"/50 rapid-fire gun. Sprockets 
drawing ammunition into the freed mechanism 
of the automatic loader. 


moving the shell carriage and round rapidly 
forward. 

When the tray is at its forwardmost point, 
the carriage is all the way forward, relative to 
the tray, and is releasing the round, which travels 
on into the breech as shown in figure 9-20. The 
tray then reverses its direction and moves aft 
and up to pick up another round. During this 
time the ramming chain moves aft to reposition 
the shell carriage on the tray. 

The right and left side plates of the loader are 
similar steel forgings — roughly 4 feet long, 2 
feet deep, and 6 inches thick—secured to the 
right and left sides of the gun slide respectively. 
They support all the loader subassemblies except 
the drive gear. In addition, each includes many 
loader operating and control devices and ele¬ 
ments of the breech mechanism. 

The loader control system synchronizes and 
interlocks the components of the loader with the 
breech mechanism and with each other. It con¬ 
sists of electrical circuits, solenoids, selector 
switches, automatic switches, firing keys, elec¬ 
trical interlocks, and other items. The mount 
captain's control panel (described in the next 
section) is a combination control and indicator 
station for the loader control system. 

MOUNT CONTROL STATIONS 

The mount's amplidyne electric power drives 
may be controlled in automatic from a director 
or in local at the mount. There is no manual con¬ 
trol as such, only an auxiliary handerank for 
securing or servicing the mount. These mounts 
feature a unique local control arrangement in 
that there are two types of local control, local 
AA and local surface. Each has a separate control 
station. Local surface is the right gun-laying 
station. When the gun-laying drive selection is 
local AA, the left gun layer controls the mount 
in both train and elevation, and fires the gun. The 
left gun layer's controls consist of a ring sight, 
a one-man gun-laying control unit with gun firing 
key in right hand grip, a fire cutout indicator, and 
a gun-laying emergency stop control. There is 
no sight-setting provision at this station. 

The right gun layer is responsible for starting 
the elevation and train drive, selecting the control 
station, laying and firing the guns when the drive 
selection is local surface, and observing corre¬ 
spondence between gun postiion and gun order 
signals. The right gun layer's controls consist 
of a telescope and open sight, a one-man 
gun-laying control panel, and a train cable-twist 
indicator (fig. 9-21). The gun-laying control 
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Figure 9-19. — 3”/50 rapid-fire gun. Tray of automatic loader swinging down into alignment with open 

breech. 


panel, for a twin mount, contains a control-station 
selector switch, gun-firing cutout lights, power-on 
lights, correspondence-indicator meters to indi¬ 
cate correspondence between gun and mount 
position and the order signal, and power start 
and stop buttons. 

Used in conjunction with the local surface 
station, but requiring an additonal operator, is 


the sighsetter station (fig. 9-22). It is located 
directly behind the right gun layer. The sight- 
setter operator receives sight-setting orders 
via telephone from the director or other fire con¬ 
trol station and sets them into the sightsetter's 
unit by handwheel operation. This action offsets 
the right gun layer's sight the required amount. 
The sightsetter is used only with local surface 
gun laying. 
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Figure 9-20. — 3"/50 rapid-fire gun. Shell carriage catapulting cartridge into open breech. 
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Figure 9-21.— 3"/50 rapid-fire gun mount. 
Surface controlman's station. 


The mount captain's station on a twin mount 
is located between the guns. It is to the left of the 
gun on a single mount. The mount captain is the 
supervising gunner and crew captain. His opera¬ 
tions are directed via telephone by the control 
officer. He controls and directs the performance 
of both guns by his use of the mount captain's 
controls. In emergency he stops the firing of 
either or both guns. His panel of switches allows 
him to select the control station, switch to single 
or automatic fire, and select the gun or guns to 
fire. 

Other elements of his control panel are master 
pushbuttons for stopping either one or both of the 
loaders, power-drive emergency stop buttons, and 
various illuminating indicators to indicate the 
occurrence and location of malfunctions. The 
gun captain's firing key must be closed before 
the loaders will function. The key has a latch to 


hold it in closed position when control of fire is 
to be at either left or right control station or 
at the director. 

AMMUNITION 

The 3"/50 gun fires fixed ammunition. A com¬ 
plete round is 34.74 inches long and weighs 24 
pounds (the projectile, with fuze, weighs 13 
pounds). Since neither the mount installation 
nor the associated fire control system includes 
provision for fuze setting, only VT-fuzed pro¬ 
jectiles are used in AA fire. Base-fuzed and 
point-detonating fuzed projectiles for surface 
fire are also available. 

PERSONNEL 

The personnel arrangement of a 3"/50 rapid- 
fire twin mount is shown in figure 9-23. The 
normal crew is composed of 11 men, as follows: 
a mount captain, 2 control-station men, 4 shell- 
men, and 4 shell passers. (One control-station 
man controls the mount in local surface, the 
other in local AA.) An additional crew member, 
a sightsetter, is required in local surface control. 
The shellmen transfer ammunition from the gun 
carriage racks to the right and left sides of 
the hopper of each gun. The shell passers keep 
the carriage racks, called magazines, supplied 
with ammunition from a ready-service locker or 
hand-passing scuttles leading up from the hand¬ 
ling rooms. The handling rooms are supplied by 
dredger hoist from the ship's magazines. The 
number of passers may vary, depending upon the 
arrangement of ready-service lockers and pas sing 
scuttles. 


5"/38 DP GUN MOUNT 

The 5"/38 gun is one of the most widespread 
naval weapons in the fleet. It is not a new design, 
but its reliability and the essential soundness 
of its design have continued its usefulness into a 
day when it is far outranged by spectacular new 
weapons. Many of its design features persist in 
the very newest gun designs in the fleet, but on 
the whole it can be considered the prototype 
of the "conventional U.S. naval gun." It is the 
weapon characteristically used with linear-rate 
fire control systems. 

The 5"/38 gun appears in the following gen¬ 
eral types of mounts: 

1. Enclosed twin mount with ammunition¬ 
handling room beneath the mount. This type of 
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Figure 9-22. — 3"/50 rapid-fire mount. Sight setter's controls and surface controlman's sight. 


mount is a standard installation on many cruisers 
and destroyers, and some aircraft carriers 
(fig. 9-24). 

2. Enclosed single mount with ammunition¬ 
handling room beneath the mount. This is the 
old standard destroyer type mount. It is now 
found on many minecraft and auxiliaries (repair 
ships, destroyer tenders, etc.). 

3. Open single mount with ammunition-hand- 
ling room beneath the mount. This mount is 
used on auxiliary ships. 

4. Open single mount without ammunition 
hoists or handling room. Because mounts of this 
type can be installed without extensive recon¬ 
struction, it is used on converted merchant 
vessels. 

Another mount similar in design to the 5"/38 
is the 5"/54 (Mk 39), which is used on Midway 
class aircraft carriers. It has a longer barrel 
and an amplidyne all-electric power drive in 
contrast to the electric-hydraulic power drive 
used in all 5"/38 mounts. Do not confuse this 
mount with the automatic-loading 5"/54 (Mk 42) 
which is covered later. 


GENERAL DESCRIPTION 
OF 5"/38 MOUNTS 

The 5"/38 caliber gun is a semiautomatic, 
dual purpose, base-ring-mounted gun which uses 
semifixed ammunition. Its principal features are— 

1. Vertical sliding-wedge breech mechanism. 

2. Hydraulic recoil and hydropneumatic coun¬ 
terrecoil systems. 

3. Power-operated rammer. 

4. Power-operated elevating and training 
gear. 

5. Movable-prism telescopes. 

6. Power-operated fuze-setting projectile 
hoist. 

7. Power-operated powder hoist on all twin 
mounts and some singles. 

The 5"/38 mount uses semifixed ammunition 
consisting of a 54-pound projectile (weight varies 
somewhat with type of projectile) and a case 
assembly weighing about 28 pounds, which in¬ 
cludes a 15-pound powder charge. Ballistic per¬ 
formance obtained with a 15-pound service charge 
(full charge) is as follows: initial velocity, 
2,600 feet per second; maximum horizontal range, 
18,000 yards; maximum vertical range, 37,300 
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Figure 9-23. —3 M /50 rapid-fire twin mount. Crew stations. 
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Figure 9-24. —5"/38 twin mount. 


feet. (The Mk 39 5"/54 uses heavier ammunition 
and has longer ranges.) The gun is capable of 
sustained firing at a rate well in excess of any 
which can be attained by the loading crew. An 
experienced crew can load about 15 rounds per 
minute for long periods, and may attain a short- 
period rate of 22 rounds perminute. 

The gun has a radially expanded 2-ton steel 
monobloc barrel. The rifling has a uniform twist 
of 1 turn in 30 calibers. The bore is chromium 
plated from the forward portion of the powder 
chamber to the muzzle. The barrel is connected 
to the housing by a bayonet type joint. 


The housing (fig. 9-25) is a rectangular block¬ 
shaped forging, with forward portion machined to 
receive the barrel. In the center is a vertical 
well for the breechblock; and to its rear is a 
trough-like ammunition-loading tray. The housing 
contains twin interconnected recoil cylinders 
(groove type) and a single counterrecoil cylinder. 
The housing supports and locks the gun in the slide, 
and moves on the slide guides during recoil and 
counter recoil. 

The slide is a large box-shaped weldment, 
open at top and bottom, within which the housing 
moves in recoil and counter recoil. The housing 
is supported and guided by two guide rails bolted 
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Figure 9-25. — 5-inch housing and gun (removed from slide). 


to the inner side plates. The elevating arc and 
the rammer are secured to the slide. Other 
mount structure details resemble those described 
early in this chapter. 

Other Characteristics 
of 5"/38 Mounts 

All enclosed mounts are housed in a shield of 
armor plate. The shield is aboxlike structure that 
provides weather, blast, and splinter protection 
for the crew, (fig. 9-24). 

Operating personnel enter or leave the mount 
through doors on both sides near the after end. 
Other doors and access cover plates provide for 
inspection and repair. A roof hatch may be located 
near the after end of the gun mount. Where 
necessary, this hatch has a blast hood. Sight 
hoods on the side shield plates protect the three 


sight telescopes. A ventilation system supplies 
air to the mount and handling room. 

Lights in the gun and handling room are 
energized by the ship's general illumination 
circuit, which also includes outlets for battle 
lanterns, window-wiper motors on each sight 
telescope, and the battle illumination system, 
which energizes small lamps at all instruments 
and controls. 

Gun elevation, gun train, fuze setting, and sight 
setting synchro signals are supplied to the in¬ 
dicator-regulators in the mount by fire control 
circuits from the computer. 

Communication facilities in 5"/38 mounts may 
include (1) a voice tube between gun room and 
upper handling room, (2) an automatic telephone 
in the ship's general communications system, (3) 
a sound-powered battle phone circuit between 
mount and fire control stations, (4) an auxiliary 
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sound-powered phone circuit with call bell be¬ 
tween mount and lower ammunition-handling 
room, and (5) a loudspeaker connected to the 
director and plotting room. 

RECOIL AND COUNTERRECOIL 

When a round is fired, the burning propellant 
develops a gas pressure in the gun chamber of 
sufficient size to throw a major caliber projectile 
several miles. As the pressure in the chamber 
is exerted equally in all directions, there is the 
same tremendous force tending to move the 
gun mount to the rear. 

If the gun mount were held rigidly, without 
recoil, it would be impractical to build a car¬ 
riage strong enough to withstand these firing 
stresses without breaking or overturning. The 
problem could be solved, as it was with the 
Revolutionary War type cannon, by mounting 
the carriage on wheels and letting the entire 
mount be thrown across the deck at each dis¬ 
charge. This seriously affected rate of fire, of 
course, because each time it was necessary to 
haul the entire mount back into position and 
point it before firing again. 

The problem, then, was to bring carriage 
stresses down to a reasonable value and to 
obtain carriage stability. A German inventor 
solved this problem in 1888, and by 1897 the 
French had put it to use in their artillery. The 
resultant increase in the "French 75's" rate 
of fire amounted to a revolution in ordnance, and 
by the end of World War I all nations were 
forced to adopt the new recoil system. 

Basically, the modern recoil system is a 
sort of cushion put between the gun and carriage, 
allowing the gun tube to be driven rearward 
through a limited, controlled distance, while the 
carriage remains stationary. After absorbing the 
recoil over a convenient distance, a COUN¬ 
TERRECOIL system returns the gun to battery. 

The major components of both systems are: 

1. The recoil brake—stops recoil. 

2. Counterrecoil mechanism — usedprimarily 
to return the gun to battery and hold it 
there until fired again. 

3. Counterrecoil buffer — reduces the shock 
on the carriage as the gun bangs into it 
at the end of counter recoil. 

The recoil brake is shown in a simplified 
schematic in figure 9-26. There are many vari¬ 
ations of the recoil brake, but the stylized version 
in the illustration will do to explain the basic 


COUNTERRECOIL COUNTERRECOIL 



GROOVES 


84.147 

Figure 9-26. —Conventional recoil and 
counterrecoil system (simplified). 

principles of all recoil systems 40-mm and lar¬ 
ger. Here you see a hydraulic mechanism known 
sometimes as a dashpot. It has a piston and a 
cylinder. The cylinder contains liquid which can 
move from one side of the cylinder to the other, 
but its rate of movement is throttled by grooves 
in the walls of the cylinder. The depth of the 
grooves is variable, being deepest toward the 
center, and narrowing at the ends. 

When the gun if fired, the force of recoil 
pushes the housing (and the recoil cylinder) to 
the rear, exerting pressure on the liquid in the 
forward end of the cylinder. The cylinder moves 
aft but is subject to the braking action of the 
hydraulic fluid as it is forced through the throttling 
grooves. 

At the beginning of recoil the grooves are 
comparatively deep. There is little resistance to 
recoil. As the housing moves aft, the grooves 
become shallower, throttling down the fluid flow. 
The grooves taper down until they disappear at 
about the end of the designed length of recoil. 

In effect, the recoil brake converts the sudden 
destructive force of recoil to a powerful but con¬ 
trollable thrust over a considerable distance. 

Counterrecoil systems are designed primarily 
to return the recoiling parts to their battery 
position after the force of recoil is spent. 
There are two basic types. Guns smaller than 
5-inch use springs. The spring is wrapped around 
the gun barrel, one end resting against the 
stationary slide. A collar on the recoiling barrel 
holds the other end of the spring. 

The spring is installed under a high initial 
pressure, enough to hold the gun in battery at 
all angles of elevation. When the gun fires and 
recoils, the spring is compressed. When the 
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recoil brake brings the rearward moving gun to 
a stop, the spring uses its stored-up energy to 
push the gun back into battery. 

The other type of counterrecoil system (used 
on guns 5-inch and larger) is the hydropneu¬ 
matic type. The pneumatic (air) part of the 
mechanism is used to push the gun back into 
battery, and the hydro (liquid) part of the mech¬ 
anism is used to keep the air from leaking. 

The entire mechanism works like this. 

In figure 9-27 you see the counter recoil 
piston bearing against the rear of the nonrecoiling 
slide. It is sticking part way into an air-charged 
cylinder of the housing. As the housing recoils, 
the air pressure in the cylinder becomes greater 
than normal. This is because the amount of space 
in the cylinder is decreased, being taken up by 
more of the piston. When the recoil brake stops 
the rearward movement of the gun, the air in the 
counterrecoil system expands, pushing the gun 
back into battery. 

To seal the air in the cylinder, packings are 
installed around the counter recoil plunger. By 
themselves, however, the packings cannot effect¬ 
ively prevent leakage. A small differential cylin¬ 
der (fig. 9-27) acts to tighten the packing even 
more. 

The piston is free floating, being acted upon 
by air pressure tapped from the counter recoil 
air cylinder and opposed by the thrust of the 
noncompressible oil. The oil side is connected 
to the center of the chevron packings of the 
counterrecoil air plunger. 



84.148 

Figure 9-27. —Function of differential piston in 
hydropneumatic counterrecoil system. 


Part of the area of the oil side of the dif¬ 
ferential piston head is occupied by the end of 
the piston rod and cannot receive the thrust 
of the trapped oil, whereas the entire area of 
the air side of this head receives the thrust of 
the trapped air. Therefore, at all times, the 
pressure in terms of pounds per square inch 
(psi) on the oil side will be greater than the 
corresponding pressure, in psi, on the air side. 

This means that whenever recoil action raises 
the air pressure, the unit pressure of the oil (and 
of course this includes oil at the packing gland) 
rises proportivnally higher. This causes the pack¬ 
ings to inflate and prevent leakage of the air. 
This also means that if there is any leakage, 
it will be in an oil leak, not an air leak. 

As the gun is forced back into battery, liquid 
in the recoil cylinder is forced through the throt¬ 
tling grooves as the piston moves aft (relative 
to the cylinder). Even with this partial buffing 
effect, the counter recoiling gun has considerable 
mass, and the shock at the end of counterrecoil 
is quite appreciable. The counter recoil buffers, 
also shown in figure 9-26 are designed to reduce 
this shock. 

The buffer is part of the recoiling housing. 
When the gun is in battery (as illustrated) the 
buffer is in a mating hole drilled into the recoil 
piston. When the gun recoils, the buffer is drawn 
rearward. In counter recoil the buffer moves 
forward, entering the hole in the recoil piston. 
This partially traps fluid in the piston, which 
can only escape through narrow passages. This 
action buffs the final few inches of counterrecoil. 

Differential Piston 

In figure 9-28 you see a differential piston 
as it actually looks. The piston is housed in the 
differential cylinder located underneath the breech 
housing. Extending through the cylinder into the 
open air is the piston rod. The position of the 
piston rod indicates the extent of the oil supply 
within the cylinder. When the piston rod is 
extended as shown in figure 9-28A, the supply 
of oil in the cylinder is low. In this case, oil 
should be added until the end of the piston rod 
is flush with the gland nut at the end of the cy¬ 
linder, through which the rod passed (fig.9-28B). 
This position of the piston rod indicates that the 
correct amount of oil is being maintained within 
the cylinder. If the recoil and counter recoil 
systems are properly maintained, the gun will 
recoil and return to battery in less than 1 second. 
Since the speed in both recoil and counterrecoil 
is so important to a gun’s high rate of fire 
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Figure 9-28. — Differential piston rod. 


(how fast the gun can be returned to battery so 
that the next round can be loaded), a thorough 
understanding of how these systems work is es¬ 
sential if you are to keep the guns punching, and 
punching fast, against the enemy. 

RAMMER AND AMMUNITION 
HANDLING CYCLE 

The rammer is a semiautomatic electric- 
hydraulic unit on the upper rear part of the slide. 
A 7-1/2-hp electric motor drives a pump whose 
output is controlled by valves to operate the ram 
cylinder. The piston of the cylinder is mechan¬ 
ically linked to a rubber-faced rammer spade 
which moves forward along the loading tray, and 
to the rear in an elevated path along the slide. 
The cycle of operation is as follows: 

1. Two crewmen (the projectileman and pow¬ 
der man) take the projectile and powder case out 
of their hoists and deposit them in the loading 
tray in the slide. 


2. The rammerman depresses a control handle 
(fig. 9-29A). The ram cylinder forces the rammer 
spade forward (arrow 1), to ram the round into 
the chamber. 

3. When the breechblock closes and the gun 
fires and recoils (arrow 2 in fig. 9-29B), the 
rammer spade is automatically retracted (arrow 
3) along an upper path in the slide. This lifts 
the spade so that it will not obstruct the extracted 
cartridge case's path (arrow 4, fig. 9-29C) to 



110.62 

Figure 9-29. — 5"/38 mount. Loading and 
extraction operations. 
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the rear. A crewman throws the fired case out 
of the mount in single mounts, and in twin mounts 
when gun elevation exceeds about 30 degrees. 
Except for these considerations case ejection is 
automatic. 

4. The gun captain prepares for the next round 
by lowering the rammer spade to ram position. 

Hoists 

Figure 9-24 shows a conventional type ammun¬ 
ition transport installation for a twin 5 n /38 
mount. In this arrangement, powder cartridges 
are manually loaded into dredger hoists which 
lift them to the upper handling room; here they 
are manually removed from their tanks and trans¬ 
ferred to a powder hoist which lifts them to the 
gun house. In the gun house a crewman manually 
transfers them from powder hoist to gun slide. 
Projectiles typically are handled similarly, ex¬ 
cept that they are not stowed in tanks. 

The powder and projectile hoists between the 
upper handling room and the gun house function 
quite differently. The powder hoist (dredger hoists 
are similar in principle) consists fundamentally of 
an articulated endless chain with supports or 
flights secured to it at regular intervals (fig. 
9-30 A). Powder cases are loaded by pushing them 
into the hoist in the path of the flights; when 
the hoist starts, the chain is driven upward until 
the next vacant flight is in loading position 
When the next unit is loaded, the hoist goes up 
one more flight, and so on. The hoist is driven 
by a rotary hydraulic motor whose functioning is 
controlled by valves. 

Endless-chain hoists generally can be operated 
in reverse to lower ammunition aboard. In either 
mode of operation, the hoist moves one flight at 
a time, intermittently in the same direction. Only 
one side of the chain is used. 

The projectile hoist, in contrast, has an 
endless chain in which both sides of the chain 
are used (fig. 9-30B). There are 2flights, arranged 
so that when one is at the top of the hoist on one 
side, the other is at the bottom of the hoist on 
the other. The chain runs first in one direction, 
then the other, and the flights always move from 
all the way at the top to all the way at the bottom 
(or vice versa), as in the oldtime well with 2 
oaken buckets, one of which descended while the 
other went up. The projectile is loaded into 
one side, and automatically the hoist starts if the 
top is empty. As the loaded flight ascends, the 
empty comes down. The cycle reverses for the 
next projectile. 


LIFT BY LIFT BY 

ONE STAGE FULL LENGTH 

AT A TIME OF HOIST 



A B 

84.150 

Figure 9-30. —Principles of 5"/38 hoists. 

A. Powder hoist. B. Projectile hoist. 

(Fuze setter not shown.) 

In addition to hoisting projectiles (it is never 
used for lowering them), the 5-inchprojectile hoist 
also sets the projectile fuze (when aprojectile with 
time fuze is loaded). As you can see in figure 
9-31, the projectile hoist has three chains. The 
center one is the host chain. It is driven by a 
hydraulic motor through shafting that rotates a 
sprocket at the top of the chain. Each of the other 
two chains is part of the fuze-setting linkage. 
They are positioned by the fuze setter indicator- 
regulator which is controlled by a servomech¬ 
anism in the fire control computer. Each pro¬ 
jectile flight has a small sprocket wheel which 
engages one of the fuze-setting chains. As the pro¬ 
jectile flight is hoisted by the hoist chain, the small 
sprocket wheel *'walks'* up the fuze-setting chain. 
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Figure 9-31. — 5-inch projectile hoist. (Schematic.) 
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Figure 9-32. — Fuze-setting mechanism, 5 M /38 caliber gun. A. Projectile flight. B. Fuze. 


This rotates the inner socket and the spring 
loader pawls inside the flight (fig. 9-32A). A 
mechanical time-fuzed projectile is manually 
loaded nose down in the projectile flight in such 
a way that the fixed lug of the projectile fuze 
(fig. 9-32B) is placed into the V slot located on 
the outer socket of the flight (fig. 9-32A). As 
the projectile is hoisted, the time ring lug on the 
fuze is rotated by the inner socket ring (fig. 
9-32A). This adjusts the fuze to the desired time 
setting. So long as the projectile remains in the 
hoist, the time fuze setting is continuously ad¬ 
justed by the fuze-setting indicator-regulator 
through the fuze-setting chain and ring. The time 
lapse from the instant the projectile is removed 
from the hoist (after which its fuze adjustment 
ceases) until it is fired is called dead time, which 
is estimated and included in the fire control 
computation. 

This discussion of ammunition hoists has 
concentrated on twin mounts, which are the most 
elaborately equipped. Some single 5-inch mounts 
(for example, the single 5"/54 Mk 39) are equip¬ 
ped with one powder hoist and one projectile 
hoist per mount. Other single 5"/38 mounts may 
have only a projectile hoist, plus (instead of a 
powder hoist) a deck scuttle through which powder 


cases are pushed by hand. Some auxiliaries are 
still equipped with open mounts with similar 
arrangements, or with no hoists at all, but this 
is not the normal condition aboard combat vessels 
in the active fleet. 

Checking Fuze Settings 

The mechanical time fuze shown on figure 
9-32B has a fixed index (scribe mark) which is 
used for setting or checking the fuze reading. 
By matching this index with a number located 
on the time ring index, you can check the setting 
on the fuze with the reading on the fuze-setting 
indicator-regulator dials (fig. 9-33). They shlould 
correspond if the fuzes are being properly' set. 
On figure 9-33 you can see that both readings are 
the same and read 20 seconds; in figure $-32B 
the reading of the fuze is 40 seconds. Most 
mechanical time fuzes can be set from 0 to 45 
seconds. The time ring lug on the fuze (fig. 9-32B) 
is also used to set the fuze manually if the fuze¬ 
setting mechanism is down; it is also used to 
set the fuze on safe by matching the letter S on 
the time ring index with the fixed index. A special 
fuze setting wrench is used for this purpose. 
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Figure 9-33. — Checking fuze settings. 


5"/54 DP GUN MOUNT Mk 39 


electric amplidyne units (chapter 8 discusses the 
operation of amplidyne units) controlled by elec¬ 
tric signals either from a remote computer 
(when in automatic) or from the local handwheel 
stations. The elevating and training gears are 
equipped for auxiliary manual drive. The elevating 
and training power-drive generating equipment 
is remotely located in the ship at the second 
platform. The limits of gun laying motion are 
from 10° depression to +85° elevation, with a 
maximum train of 190°. 


This gun uses semifixed ammunition consisting 
of a 70-pound projectile and a case assembly 
weighing 32 pounds. The powder charge itself 
weighs 18 pounds. The gun and its crew are 
capable of a sustained firing rate of about 15 
to 18 rounds per minute. 


AMMUNITION 


The 5"/54 mount Mk 39 is an enclosed, dual- 
purpose, semiautomatic, rapid-fire, tray-loading, 
base-ring type single gun mount. It resembles 
the 5"/38 caliber single enclosed mount, differing 
however, from that basic type in its elevation and 
train power drives, and its ammunition service. 
Its sights are like those of 5"/38 twin mounts. 

DESIGN DEVELOPMENT 

The mounts shown in figure 9-34 are supported 
on cylindrical foundation bulkheads similar to 
turret foundations. These foundations are struc¬ 
turally supported on sponsons extending from the 
ship's hull, with sponson platforms mounted flush 
with the main deck. The foundation bulkhead 
forms the upper ammunition-handling room en¬ 
closure. The general design (fig. 9-35) and func¬ 
tional arrangement of the 5"/54 caliber gun and 
mount are patterned after the 5"/38 caliber 
single and twin enclosed mounts. 

This mount has an enclosed gun room arrange¬ 
ment with shield, gun slide, and hoists mounted 
on abase-ring type carriage above an ammunition¬ 
handling room. The carriage is supported and 
rotates on bearings on a conventional stand. 
Carriage and guns are arranged for empty-case 
ejection from the gun through chute and doors 
in the carriage overhang to the main deck level of 
the sponson. Gun room and handling room are 
weather-sealed and power-ventilated. 

ELEVATING AND TRAINING GEARS 

The power drives for elevating the gun and 
training the mount are separate high-speed all- 


The mount is designed for use against surface 
and airborne targets. The gun has a horizontal 
range of about 26,000 yards and a maximum ver¬ 
tical range of 49,000 feet. Initial velocity of 
service rounds is 2,650 feet per second. 

PERSONNEL 

Figure 9-36 shows the crew station at the 5"/ 
54 Mk 39 gun house level. The Mk 39 is like the 
5"/38 mounts in crew arrangement and duties. 

The mount captain is the command leader. 
If available a gunner's mate is his principal 
assistant and supervisor of gun operation. He 
serves as trouble shooter and chief maintenance 
man. The pointer is responsible for checking 
and operating his sight and (when not in auto¬ 
matic) the elevating gear; he also, in most 
cases, fires the gun. The trainer does similarly 
for his part of the mount except for firing the 
gun. The sightsetter receives and sets sight 
deflection and sight angle. The fuze setter tests 
the fuze-setting mechanism, and operates it when 
not in automatic. (The projectile-and-rammer- 
man operates the rammer, and loads projectiles. 
The gun captain lowers the rammer spade and 
checks the loading operation. The powder man 
takes the cases out of hoist and passes them to 
the loader-hot-case man, who puts the cases in 
the slide.) 

In addition to those ten men in the gun house, 
there are six in the upper handling room (not 
diagrammed). Two powder men keep the powder 
hoist supplied, two projectilemen do the same for 
the projectile hoists, and two others operate 
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Figure 9-34. — 5 M /54 caliber single mount Mark 39 as installed in Midway class. 


scuttles through which ammunitionispassedfrom 
the magazines. 

In a twin mount many of these crew stations 
are duplicated because there are two guns and two 
sets of hoists. The crew totals 27, 5"/38 only. 


5"/54 GUN MOUNT 
Mk 42 MODS 1-8 

With the coming of jet aircraft, it has been 
necessary to develop a reliable AA gun with 
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Figure 9-35. — 5"/54 caliber mount right side, longitudinal section. 
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Figure 9-36. —Mount Mk 39. Crew stations (gun house). 


increased tracking and firing rates. The 5"/54 
Gun Mount Mk 42 has proven to be a reliable 
and efficient weapon against high speed aircraft. 

The 5-inch mount Mk 42 (fig. 9-37) is a shield¬ 
ed dual-purpose, single-gun mount with an auto¬ 
matic firing rate of approximately 40 rounds per 
minute. The gun is trained and elevated (laid) 
by separate electrically controlled, hydraulically 
operated power drives. Ammunition is served by 
an automatic, dual-hoist gun loading system 
which is hydraulically operated and electrically 
controlled. 

The gun mount consists of the following main 
components: 

1. Gun assembly; 

2. Slide assembly; 

3. Gun loading system; and 

4. Gun laying system. 


The gun mount also contains the following 
auxiliary systems: 

1. Sprinkling systems; 

2. Electrical system; and 

3. Heating, lighting, communication, and vent¬ 
ilation systems. 

Basically, the gun and slide assemblies are 
standard, except that the breechblock and extract¬ 
ors are hydraulically operated. The 5 M /54 gun 
is unique, in that roller bearings support the 
gun housing during recoil and counterrecoil. 

RECOIL AND COUNTERRECOIL 

The gun recoil and counterrecoil systems are 
conventional, except that the location of the recoil 
pistons is changed, and the counter recoil system 
differs in that two air chambers are used. The 
counterrecoil system is also arranged so that 
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Figure 9-37. — 5"/54 Gun Mount Mk 42 Mods 1 through 8. 


the differential and air chamber cylinder are 
mounted to the slide, and the piston rods bear 
against the after edge of the gun's main housing, 

GUN LOADING SYSTEM 

The gun loading system (fig. 9-38) extends 
upward through the ship, from the ammunition 
handling room (near the magazine) to the mount 


gun room. This loading system consists of a dual 
set of units which automatically serve rounds 
of semifixed ammunition to the gun from both 
sides of the slide. 

The following is a brief description of how 
ammunition moves from the ammunition handling 
room up through the loading system, utilizing the 
following units of equipment: 
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1. Loaders—Rounds of semifixed ammunition 
are manually loaded onto the loaders (drums that 
automatically feed the lower hoist). 

2. Lower Hoists —The rounds are automatic 
ically fed from the lower hoists, which raise 
each round to the carriers (on Mods 1 through 6) 
or to the transfer station (on Mods 7 and 8) which 
positions the round into the carrier. 

3. Carriers — The rounds of ammunition are 
transferred from the stationary lower hoists to the 
rotatable upper hoists, located on the rotating 
structure of the gun mount, by the carriers. 

4. Upper hoists—The rounds are alternately 
raised from the carriers to the cradles by the 
upper hoists. 

5. Cradles —The rounds are transfer red from 
the upper hoists to the transfer trays, located 
on each side of the slide, by the cradles which 
alternately swing upward. 

6. Transfer trays—The rounds are held in 
the transfer trays while the projectile fuzes are 
set (on mechanical time-fuzed projectiles only). 
The transfer trays then lower the rounds to the 
ramming position, in line with the gun chamber. 

7. Rammers —The rounds are rammed into 
the gun chamber by the rammers which extend 
through the transfer trays. 

After the gun fires and the breech is opened, 
the extractor catapults the empty powder case 
rearward into the empty case tray. This tray 
then lowers the expended case into the empty 
case ejector which ejects the case from the 
mount. 

Gun loading systems are divided into three 
groups: 

1. Lower gun loading system. 

2. Upper gtin loading system. 

3. Intermediate section (ammunition carrier). 

The lower gun loading system includes the 
loader drums and lower hoists (fig. 9-38), three 
hydraulic power units, and the central equip¬ 
ment necessary for their operation. This por¬ 
tion of the gun mount assembly is also referred 
to as stationary, or nonrotating gun mount com¬ 
ponents (fig. 9-39). 

The upper gun loading system consists of upper 
ammunition hoists, transfer trays, rammer, emp¬ 
ty case tray, empty case ejector, and fuze setters 
(fig. 9-38). All upper gun loading system com¬ 
ponents are part of the rotating gun mount as¬ 
sembly and move with the mount when the gun 
trains (fig. 9-39). 


The intermediate section (carrier) transfers 
rounds of ammunition from the fixed lower hoist 
to the rotatable upper hoist. In so doing, the 
carrier acts as an independent transferring mech¬ 
anism between the stationary gun mount as¬ 
semblies (lower gun loading system) and the 
rotatable gun mount assemblies (upper gun load¬ 
ing system). Physically the carrier is part of 
the carriage and receives its hydraulic power 
from the upper gun loading system supply. 

DESIGN DIFFERENCES 

All mods of the mount have the same basic 
design. The only major difference in the mount 
installations is the design of the lower ammun¬ 
ition hoists and the ammunition carrier. In the 
Mods 1-6 mounts, the lower hoists and carrier 
are completely different from those installed in 
the Mods 7-8 mounts. The difference is clearly 
illustrated in figures 9-39 and 9-40. 

Lower Hoists and 
Carrier in Mods 1-6 Mounts 

In the Mods 1-6 mounts (fig. 9-39), the lower 
hoists are straight and terminate directly under 
the tubes of the ammunition carrier. These hoists 
are cycled by control units that are operated by 
hydraulic pressure from an accumulator system. 
The hoist cycles are initiated by solenoid actions 
in the control units. 

In this hoist design, the rounds contained by the 
hoists move directly upward from the tops of the 
hoist tubes into the carrier tubes. When the carrier 
is loaded, it rotates to the upper hoists where the 
carrier ejectors transfer the rounds from the 
carrier tubes to the lower hoist tubes. 

Lower Hoists and Carrier 
in Mods 7-8 Mounts 

In the Mods 7-8 mounts (fig. 9-40), some of 
the lower hoists are cirved and some are straight, 
but each hoist has two ammunition handling tubes 
(one for hoisting, one for strikedown) and is op¬ 
erated by an electrically driven hydraulic power 
transmission which is stroked by a hydraulic 
servomechanism installed in a solenoid-operated 
control unit. 

In this design, the hoist tubes are capped by 
transfer tubes which are located alongside the 
carrier tubes. The transfer tubes are units of 
the lower hoists and are operated by hydraulic 
pressure frm an accumulator system. 
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OF MOUNT) 

- LOWER STATIONARY AMMUNITION 
HOISTS AND LOADERS (5-INCH 
AMMUNITION HOIST MARK 3 
AND MODS) 


84.73 

Figure 9-39. —Typical arrangement of lower hoists and carrier in Mods 1-6 mounts. 
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CARRIER ROOM 
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AMMUNITION CARRIER 


LOWER HOIST 
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POWER DRIVE 
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GUN LOADING SYSTEM) 

= AMMUNITION CARRIER (TRANSFERS 
AMMUNITION FROM STATIONARY 
LOWER HOISTS TO UPPER HOISTS 
ON ROTATING STRUCTURE OF 
MOUNT) 
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HOISTS AND LOADERS (5-INCH 
AMMUNITION HOIST MARK 4 
AND MODS) 
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LOADERS 


AMMUNITION 
HANDLING ROOM 
PLATFORM 


84.74 

Figure 9-40. —Typical arrangement of lower hoists and carrier in Mods 7-8 mounts. 


358 


Digitized by 


Google 

































Chapter 9-GUN MOUNTS AND TURRETS 


When the hoists are cycled, the rounds in the 
hoist tubes are elevated into the transfer tubes. 
From there they are ejected laterally into the 
opposed carrier tubes. The transfer tube ejectors 
then retract so that they will be in position to 
receive another pair of rounds from the lower 
hoists, and the carrier tube ejectors close over 
the rounds in the carrier tubes. The carrier then 
rotates to the upper hoists where the carrier 
ejectors transfer the rounds from the carrier 
tubes to the upper hoist tubes. 

The strikedown tubes of the lower hoists are 
used for striking ammunition below to the hand¬ 
ling room. When this is being done, the hoists 
are placed in local control so that they can be 
operated under power by means of hand-operated 
control cranks installed in the carrier room. 

The cranks are arranged so that they can 
be used to stroke the hydraulic transmissions of 
their associated hoists. When either crank is 
turned, its hoist will cycle at a speed proportion¬ 
al to the rotational speed of the crank. When the 
crank is stopped, the hoist will stop. 

The curved lower hoists are installed in 
mounts where the handling rooms are not located 
directly below the carrier rooms. This condition 
exists in all of the mounts in the CVA-class 
vessels and in the mount in the DLG-class 
vessels. 

The curve in the hoists of the forward DLG 
mount is very slight. In the CVA mounts, however, 
all of the hoists curve through two 90-degree 
angles and consist of vertical, curved, and hori¬ 
zontal tube sections. 

Minor Differences in 
Mount Design 

Because of the variation in the vertical distance 
between the handling room and carrier room in 
different mount installations, the height of the 
lower hoists differs from mount to mount. 

All mods of the mount have maximum gun 
elevation angles of 85 degrees and, with the 
exception of the CVA mounts, have 720 degrees 
of training freedom (360 degrees in either di¬ 
rection from the stowed position of the mount). 

Maximum angles of gun depression vary in 
different mounts from 7.5 degrees to 15 degrees, 
as determined by structural characteristics of 
the vessel. 

GUN LAYING SYSTEM 

The mount itself can be operated in either 
remote or local control. No provision is made 


for hand-powered operation. Handling drives are 
connected to the training and elevating gears, 
however, for stowing purposes and for use in 
connection will certain mount and gun alignment 
procedures involved in the installation of the 
train and elevation receiver-regulators. 

The training and elevating gear assemblies 
are electrically controlled, hydraulically operated 
power drives that accurately position the mount 
and gun in response to electrical gun train and gun 
elevation orders. These orders can be applied 
to the train and elevation receiver-regulators 
from remote fire control or Gunar control stations 
(on certain mounts only), or from the one-man 
control units operated by the local control men 
in the mount. 

The training gear assembly consists of a 
training gear, a power drive, and a receiver- 
regulator. The receiver-regulator converts the 
electrical gun train order signals into hydraulic 
control inputs to the power drive, which is an 
electrically driven, hydraulic power transmis¬ 
sion. The output shaft of the power drive turns 
the training pinion, which drives the mount in 
train. 

The elevating gear assembly consists of an 
elevating gear, a power drive, a receiver-regula¬ 
tor, and a firing cutout. The receiver-regulator 
converts the electrical gun elevation order sig¬ 
nals into hydraulic control signals and applies 
them to the power drive, the drive turns the 
elevating pinion, and the pinion elevates or de¬ 
presses the gun. 

Both the training and the elevating gear as¬ 
semblies are equipped with limit stop mechan¬ 
isms. In the train receiver-regulator, the stop 
mechanism decelerates and stops the train drive 
as the mount approaches and reaches its limits 
of operation in either direction of train. The 
limit stop mechanism in the elevation receiver- 
regulator brakes the gun to a stop as it reaches 
its limits of travel in elevation or depression. 

The firing cutout is connected by response 
gearing to the training and elevating pinion drive 
shafts, and operates switches in the firing circuit 
to prevent firing when the gun is pointed into 
danger sectors. 

PERSONNEL 

The gun loading system and gun laying systems 
are separately controlled, and either system can 
be independently operated. Responsibility for con¬ 
trol of the gun loading system is primarily dele¬ 
gated to the gun captain and the loader control 
man, while control of the gun laying system is 
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the responsibility of the mount captain and the two 
local control men. Duties of the carrier control 
man are divided between the two systems. The 
duties of a gun crew for the 5"/54 are described 
below (less ammunition handlers). Figure 9-41 
illustrates the positions of the gun room crew 
and the control panels under their control. 

MOUNT CAPTAIN. —Is in charge of the com¬ 
plete gun mount and receives all gun mount op¬ 
eration orders from weapons control via JP 
telephone circuits. He directs gun loading, gun 
firing, and gun laying operations of the mount 
from the P-3 panel, using either telephone, 
lights, or a combination of these as a means of 
communication. The P-3 panel, located in the 
aft left-hand part of the gun room, is used 
primarily to select the station to control the gun 
train and elevation power drives. 

GUN CAPTAIN.—Is in charge of gun loading 
equipment and gun loading crew and is directly 
responsible to the mount captain. He controls 
gun loading by means of switches on the P-4 
panel. The P-4 panel is located in the aft end 
of the gun mount, in the side of the gun slide 
opposite the P-3 panel. This panel contains 
switches and lights that enable the gun captain 
to control and monitor gun loading systems 
operation. 

LEFT AND RIGHT LOCAL CONTROL MEN.— 
They operate the mount in local by means of tele¬ 
scopes, one-man control units and the P-6, 
P-7, P-9, and P-10 control panels, the P-6 panel 
in the left local control station and P-7 in the 
right station. These panels contain the knobs, 
dials, switches, and lights necessary for sight 
setting and local control operation. 

An auxiliary local control panel is also lo¬ 
cated at each local control station—P-9 in the 
left station, and P-10 in the right. These panels 
are used to control the telescope wind wipes, 
telescope shutter heater, and window defroster 
system of each local control station. 

A one-man control (OMC) unit is located 
in each local control station. Either of the OMC 
units can provide the gun train and elevation 
orders necessary for local control operation. 
The left OMC has control only when it is re¬ 
linquished by the right local control man, or when 
the mount captain selects the left station by 
means of a switch on the P-3 panel. 

CARRIER ROOM CONTROL MAN.— Controls 
the mount electrical power supply system from 


the P-1 and P-2 panels. The P-1 panel located 
in the carrier control room contains the 440-volt 
electrical circuits that power the various units of 
the entire gun mount system. Lights on the face 
of the P-1 panel indicate when power is available 
to the system, and when motors are running on 
the gun mount. The P-2 panel, also located in 
the carrier room, houses amplifiers for the 
fuze setters, parallel systems, and train and 
elevation power drives. On the face of this panel 
are switches and light arrangements that function 
as a means of communication between the gun 
captain and the carrier control man. 

LOADER CONTROL MAN.—Is in charge of the 
handling room crew and ammunition handling room 
equipment. He controls the loader drums by means 
of switches on the P-5 panel when the loaders 
are being operated in the manual power mode. 
The P-5 control panel is located between the 
A and B loader drums. This panel enables the 
loader control man, with permission from the 
gun captain, to operate the loader drums in 
manual power operation. Normally, manual power 
operation (manual switch-controlled power cy¬ 
cles) is used during loading, unloading, exercising, 
or testing of the loader drums. 

One Side Operation 

The gun captain can select for one-side 
automatic power operation of the loading system 
when a casualty occurs to some units of the 
loading system. The procedures necessary for 
one-side operation vary with which unit of the 
loading system is inoperative. Depending upon the 
nature of the casualty the gun captain can de¬ 
activate one side of the gun loading system or 
instruct the carrier room control man to mechan¬ 
ically deactivate the malfunctioning unit. One 
side operation (using one hoist) will reduce the 
gun rate of fire to 20 rounds per minute. 

One advantage of the gun loading system em¬ 
ployed with the 5"/54 gun mount is that once the 
loader drums are loaded, the ammunition handling 
crew need not be on station for automatic gun 
firing operation. This enables a ship's weapon 
system to function during a condition of readiness 
with a minimum amount of personnel. The am¬ 
munition handling crew which consists of four 
powder men and four projectile men can be utili¬ 
zed for other duties in the event of personnel 
casualties. The ammunition handling crew are 
needed only to replenish the 40 rounds of am¬ 
munition loaded into the loader drums after a 
firing mission, or they can be left at their station 
if more than 40 rounds are to be used. 
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Figure 9-41.—Gun room stations and control panels. 


5"/54 Mk MOD 9 

This mount is designed for the main gun 
battery of DE 1053 class ship and is used as 
a tactical weapon against surface, shore, and 
air targets. The major changes between the 
5 n /54 Mod 9 and the mods 1-8 are in the train 
and elevation receiver-regulators, the fuze set¬ 
ters and the electrical control system. The ob¬ 
jective of this type mount design was to increase 
reliability and improve maintainability where 
possible and to incorporate features which would 
reduce the weight of the mount without degrading 
performance. 

The design changes to the receiver-regulators 
greatly improve reliability and maintainability, 
and reduce equipment weight by eliminating the 


large and complex valve black now required in 
the present day design of the Mods 1-8. These 
design changes employ an electrohydraulic servo 
valve control system, which is easily inter¬ 
changeable between train and elevation systems. 
These interchangeable features are accomplished 
by the use of solid state amplifiers, and evolve 
directly from the general concept in design of some 
type of missile launching systems. 

FUZE SETTER CHANGES 

The fuze setters are substantially lighter in 
weight than those used in the Mods 1-8 mounts. 
They contain fewer moving parts, employ solid 
state amplifiers, and operate with greater ac¬ 
curacy. The reductions in weight which result 
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from the redesign of the fuze setter and its 
associated amplifiers are as follows: the new 
fuze setter unit is now 36 pounds, where the old 
unit was 317 pounds; the weight of the fuze 
setting amplifiers has changed from 115 pounds 
to 17 pounds. 

CONTROL SYSTEM CHANGES 

The electrical control system of the gun 
mount has been completely redesigned. The 
mount captain's P-3 panel and the gun captain's 
P-4 panel have been eliminated. A new control 
panel (EP-2), located in the carrier room, now 
contains all controls previously embodied in the 
P-3 and P-4 panels (fig. 9-42). The number of 
on-mount personnel was also reduced, due to the 
fact that two features of gun mount design were 
changed or eliminated within the gun house. The 
right hand local control station was eliminated, 
and the mount captain station was changed from 
the gun house to the carrier room. 

PERSONNEL 

The Gun Mount Control System Mk 114 Mod 0 
is the mount electrical network which enables 
the gun crew to control and monitor the operation 
of the gun mount. It consists of one power panel, 
four control panels, and two separately mounted 
rotary switches. The panels are designated EP1 
through EP5; the switches are safety switches 
and designated SMX14 and SMX17. The crew 
members that control mount operations consist 
of a mount captain, an assistant mount captain 
(OMC operator), a gun captain, and a loader 
safety observer. 

Mount Captain 

The mount captain supervises the entire 
mount crew and is responsible to the ship's 
weapons officer. He is stationed at the EP2 
panel located in the carrier room and controls 
the method of mount operation through selector 
switches on the EP2 panel. He also controls 
power distribution to the gun mount components 
by positioning switches on the EP1 panel. The 
EP1 panel located in the carrier room (fig. 
9-42) is the main distribution point for electrical 
power to the gun mount. The panel contains power 
distribution lines, circuit breakers, contactors, 
overload relays, manual switches, and indicating 
lamps which control and monitor power dis¬ 
tribution. The EP2 panel is the principal opera¬ 
tional control point for gun mount operation. 



84.76 

Figure 9-42. — Gun mount control panels. 


It contains selector switches, pushbutton switches, 
indicating lights, train and elevation control and 
sight setting dials, and a firing safety switch. 
The mount captain uses the EP2 panel to select 
the mode of operation desired to either fire, 
check out, or exercise gun mount components. 
There are three modes erf operation which are 
used for gun mount activation: 
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• AUTO-LOAD MODE—Is the sequential 
electrical, hydraulical, and mechanical operation 
of system components. When auto-load is selected 
the mount moves rounds from the loaders to the 
gun without further manual switching, 

• STEP-LOAD MODE —Is the sequential op¬ 
eration of system components initiated by in¬ 
dividual manual switching actions at the EP2 
panel. This individual switching moves am¬ 
munition through the gun loading system and is 
used as an auxiliary mode of operation if auto¬ 
load circuitry is inoperative. Step-load is also 
used to check out individual gun loading compon¬ 
ents from the loader drums to the empty case 
ejector. 

• STEP-EXERCISE MODE —Is used to check 
the operation of individual components without 
rounds of ammunition within the system. The 
gun loading components operate much as they 
do in step-load and require manual selection to 
imitate each individual cycle. In this mode of 
operation the entire loading system can be checked 
out without the use of ammunition, and eliminate 
the job of carrying rounds of ammunition from 
gun mount components back down to the maga¬ 
zine. 

Assistant Mount Captain 

The assistant mount captain serves as safety 
observer and is stationed in the OMC station 
(fig. 9-42). He controls the mount in local tracking 
control, operates switches on the EP4 panel and 
can relieve the mount captain under prolonged 
standby conditions. The EP4 panel is located 
on the left side of the OMC station and contains 
indicating dials, lights, and manual switches 
operated by the assistant mount captain. This 
panel is used as a sight setting source when in 
local control and contains elevation and train 
positive indicating dials. 

Gun Captain 

The gun captain is stationed on the right side 
of the gun house. He observes the operation of 
equipment within the gun house and reports any 
malfunctions to the mount captain. He can stop 
the gun loading operations by safely switch 
SMX17 in the event of a casualty. He operates 
EP3 panel and supervises manual loading of 
illuminating projectiles and the 'loading of the 
transfer tray after firing. The EP3 panel, lo¬ 
cated in the gun house, contains switches which 


control the heating, lighting, ventilating and 
anti-icing systems of the gun mount. The gun 
captain's safety switch SMX17, located on the 
cradle guide arc support (fig. 9-42), is a manual 
safety switch with four positions. Figure 9-43 
shows the switch positions. The handle of SMX17 
can be removed while in the Safe Emergency 
Stop position, preventing operation of the upper 
gun system. 

Loader Safety Observer 

The loader safety observer is stationed at 
safety switch SMX14, located in the ammunition 
handling room (fig. 9-42). He is in charge of the 
handling room crew and receives loading in¬ 
structions from the mount captain through tele¬ 
phone circuits. The loader safety switch SMX14 
is positioned to stop (fig. 9-43) by the loader 
safety observer in the event of unsafe or improper 
operation of the lower gun loading system. 

LOAD TO FIRE SEQUENCE 

Gun loading systems employed in 5"/54Mk42 
gun mounts differ only in the Mods 7 and 8. 
These systems transfer their rounds of am¬ 
munition from the lower hoist to transfer tubes 
(station), and then they eject them into their 
carriers (fig. 9-38). Since most 5"/54 gun 
mounts in service in the fleet are Mods 1-6, 
and the loading system used with the Mk 9 
is the same, we will explain how ammunition 
is transferred from the lower handling room to 
the gun chamber, by discussing the gun loading 
system used with the 5"/54 Mk 9. 

Load to Fire Cycle 

Each phase of gun loading consists of several 
actions that prepare, position, or move the 
ammunition to the next phase of operation. When 
a round passes through a phase of operation, 
that phase can perform its function on the next 
round while the preceding round is advancing to 
the following stage. How far each phase of opera¬ 
tion can advance is determined by interlocks and 
the physical status of the next related phase of 
the gun loading operation. 

From Loader To Carrier 

The sequence begins with the filling of the 
loader drums. Ammunition handlers place pro¬ 
jectiles and powder cases into cavities of each 
loader drum (fig. 9-38). 
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Figure 9-43. —Safety switches. 


The loaders align the projectiles and powder 
cases of rounds 1 and 2 with the lift pawls of 
the lower ammunition hoist (fig. 9-44A). The 
lower hoist lift pawls raise rounds 1 and 2 out 
of the loader drums (fig. 9-44B). The first raise 
cycle of the lower hoist is completed when 
rounds 1 and 2 are at the first flight level in 
the lower hoist tubes. The loader drums index 
rounds 3 and 4 to the hoist position (fig. 9-44C). 
The lower hoists raise rounds 1 and 2 to the 
ammunition carrier tubes and rounds 3 and 4 out 
of the loader drums toward the first flight level 
(fig. 9-44D). 


From Carrier To Upper Hoist 

At the end of the second raise cycle, the lower 
hoists position rounds 1 and 2 in the carrier 
tubes, and rounds 3 and 4 advance to the first 
flight level in the lower hoist tubes. The loader 
drums index the next set of rounds over the 
lower hoist pawls (fig. 9-45A). The carrier begins 
moving rounds 1 and 2 from the lower hoists 
toward the upper hoist (fig. 9-45B), and the 
upper hoist prepares to receive rounds 1 and 2 
from the carrier. Note the reversed positions 
of the upper hoist lift pawls: The left pawl is 
down and the right pawl is up. Upper hoist op¬ 
eration alternately raises rounds (fig. 9-45C). 
The carrier rotates alongside the upper hoists, 
and the carrier ejector mechanism ejects the 
rounds into the upper hoist tubes (fig. 9-45D). 

From Upper Hoist to Cradle 

When the upper hoist shutters close and the 
carrier mechanism retracts, the left upper hoist 
pawl begins raising round 1 into the left cradle 
as the right upper hoist pawl lowers to the start- 
of-hoist position below round 2. The carrier 
begins rotating to the lower hoist to pick up 
rounds 3 and 4 (fig. 9-46A). The left upper hoist 
raise movement ends when round 1 is positioned 
in the left cradle, the right upper hoist pawl is 
down and ready to raise round 2, the carrier is 
latched to the lower hoist, and rounds 3 and 4 
are bing hoisted into the carrier tubes (fig. 9-46B). 
When rounds 3 and 4 move into the carrier tubes, 
the right upper hoist pawl begins raising round 
2 into the right cradle. The left upper hoist 
pawl lowers to the start-of-hoist position, and 
the cradle swings up from the left upper hoist 
to the slide (alongside the left transfer tray (fig. 
9-46C). The left cradle latches to the slide as 
the lower hoists position rounds 3 and 4 in the 


364 


Digitized by v^ooQle 




Chapter 9—GUN MOUNTS AND TURRETS 



Loaders Aline Rounds 1 and 2 
With Lift Pawls of Lower Hoists 





Lower Hoists Raise Rounds 1 
and 2 Out of Loaders 



84.78 

Figure 9-44. — From loader to carrier. 
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Lower Hoists Position 
Rounds 1 and 2 in Carrier 





84.79 

Figure 9-45. —From carrier to upper hoist. 


366 


Digitized by v^ooQle 








Chapter 9—GUN MOUNTS AND TURRETS 




























GUNNER’S MATE G 3 & 2 


carrier tubes. Round 2 continues moving up into 
the right cradle (fig. 9-46D). 

From Transfer Tray 
To Ram Position 

The left cradle ejects round 1 into the left 
transfer tray, where it is held in position for 
fuze setting. Round 2 is being raised into the 
right cradle, as the carrier begins moving rounds 
3 and 4 from the lower hoists to the upper hoists 
(fig. 9-47A). The left fuze setter extends to set 
the fuze of round 1. The left cradle swings down 
from the slide to the left upper hoist. The right 
cradle begins raising round 2 to the slide. The 
carrier arrives at the upper hoists with rounds 
3 and 4 (fig. 9-47B). The fuze is now set on round 
1, and the left cradle latches itself to the left 
upper hoist. Round 2 in the right cradle continues 
raising to the slide. The left upper hoist pawl 
begins lowering to the start-of-hoist position. 
The carrier begins rotating to the lower hoist 
to index over the next set of rounds (fig. 9-47C). 
The left fuze setter retracts, and the left transfer 
tray starts lowering round 1 into the ramming 
position. The right cradle latches to the slide, 
and the left upper hoist pawl continues raising 
round 3 to the left cradle while the right hoist 
pawl continues lowering (fig. 9-47D). 

From Ram Position 
To Gun Firing 

When round 1 is in the ram position, the left 
transfer tray releases the round and the rammer 
spade rams the round into the gun chamber. At 
the same time round 3 continues up into the left 
cradle (fig. 9-48A). The breechblock raises to 
close the breech and raises the rammer spade to 
the latched position for the rammer retract 
stroke. The left (empty) transfer tray raises, and 
the empty case tray positions itself behind the 
breech. The fuze is set on round 2, and the left 
cradle raises round 3; the right cradle lowers 
to the upper hoist (fig. 9-48B). Round 1 fires 
and the recoil action initiates rammer spade 
retraction. The breechblock opens, and the empty 
case of round 1 is extracted into the empty case 
tray as recoil ends and counter recoil begins. 

The right fuze setter retracts from round 2, 
and the left cradle latches to the slide (fig. 9-48C). 
As the gun moves back into battery, the right 
transfer tray lowers round 2 into ramming posi¬ 
tion. The empty case tray lowers into alignment 
with the empty case ejector (fig. 9-48D). 


Round 2 is rammed into the gun chamber and 
the case of round 1 is ejected into the ejector tube. 
The gun fires round 2, and the empty case of 
round 2 is extracted into the empty case tray 
and lowers the empty case to the case ejector. 
As the rounds are fired, each empty case into 
the ejector tube pushes the case ahead of it 
further into the tube where it is held by a 
spring loaded pawl. The empty cases are ejected 
out through the forward section of the gun 
mount by means of a tube located below the 
gun barrel. 

Round Selection 

In the Mod 9 gun system, a round select 
pushbutton located on the EP2 panel is used to 
select either one-type or two-type operation. 
The loader can be loaded with two types of 
ammunition. For example, the A loader drum can 
be loaded with AA common, and the B loader 
with VT fuzed projectile. The selection of two- 
type operation ensures that only one side of 
the gun loading system is used. The other side 
remains loaded with another type ammunition 
held in readiness for a switch to that type 
ammunition. In two-type operation the mount 
fires approximately 24 rounds per minute. 


5"/54 Mk 45 Mod 0 

The 5"/54 Mk 45 light weight gun mount 
(fig. 9-49) offers outstanding reliability and 
maintainability and is served by a minimum 
complement • of personnel. The mount is op¬ 
erated, monitored, and exercised remotely; per¬ 
sonnel do not enter the gun house except for 
maintenance. A safety key located on the EP2 
panel disables all circuits before the crew enters 
the gun house. One mount operator performs 
mount switching functions as directed for com¬ 
plete gun mount operation. The ammunition hand¬ 
lers load projectiles and powder cases into the 
automatic loading station. The mount loader drum 
holds 20 rounds in ready service. The loading 
station permits replenishing the loader drum 
during sustained firing without interrupting the 
fire mission. The load and fire cycle can be 
interrupted if a special-purpose type of am¬ 
munition, such as star shell, is to be used, 
or if a misfire-clearing charge is needed. 

The mount design emphasizes crew safety. 
The crew need not enter the gun house to ex¬ 
tract misfires. Misfires can be automatically 
and rapidly extracted, a clearing charge loaded. 
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Figure 9-48. —From Ram position to gun firing. 
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OSCILLATING ASSEMBLY 



and the gun cleared and returned to service 
without personnel entering the gunhouse. “A 
round can also be unloaded from the Cradle 
automatically before the Ram cycle is started. 


The EP2 operator initiates an Auto-Unload cycle 
which lowers the round to the hoist unload doors 
and the ammunition handlers manually remove 
the round from the hoist.” 
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GUN MOUNT COMPONENTS 

The mount has two physical component groups: 
the lower structure (below deck), and the upper 
structure (above deck). The lower structure 
delivers an uninterrupted flow of ammunition to 
the upper structure. The lower structure includes 
the mount control system, loader drum, fuze 
setter, hoist, and lower accumulator system. The 
upper structure loads the ammunition, lays the 
gun, fires, and ejects the empty powder cases. 
The upper structure includes the stand, carriage, 
cradle, slide, gun barrel, upper accumulator 
system, gun laying system, and shield. 

CONTROL SYSTEM 

The mount control system consists of two 
control panels: EP1 power panel, EP2 control 
panel. The power panel and (EP1) receivespower 
from the ship's supply and distributes it within 
the mount and other panels. The control panel 
(EP2) permits selecting the various modes of 
mount operation. A test panel part of (EP2) 
serves as the test board and local control for 
the gun laying system and the fuze setter. 

The gun laying system positions the gun in 
both train and elevation, and it consists of sep¬ 
arate train and elevation power drive assemblies. 
These assemblies are electrically controlled and 
hydraulically operated in response to orders 
from either a remote fire control system, or 
the on mount local control system. A firing 
cutout system opens the firing circuit whenever 
the gun is positioned to a nonfiring zone. 

The mount local control system permits 
total system exercise and test. One man can 
activate and exercise the mount and verify 
mount operation ability in less than 5 minutes. 
A troubleshooting status board located within 
the EP2 panel is used in conjunction with in¬ 
dicating lights and dials to pinpoint the cause 
of mount stoppage. Standardized parts are used 
widely, and many of the amplifiers and logic 
printed circuit cards are physically and func¬ 
tionally interchangeable. 


TURRETS 

A turret is a heavy armored gun structure 
of at least 6”caliber, equipped with 3 guns. They 
are the primary offensive armament, or the main 
battery, of cruisers and battleships. They are 
located fore and/or aft on the centerline of the 
ship, so that they are able to fire on either 


beam. Each gun has a separate slide mounted 
in trunnion bearings and is arranged for either 
independent or joint elevation movement. 

There are some similarities between gun 
mounts and turrets, the major difference being 
that a turret’s structure is protected by armor 
plate. The face, sides, roof and rear of a turret 
gun house are protected by heavy armor plate. 
The gunhouse, or turret proper, is that part that 
shows above the main deck. The gunhouse is 
mounted on roller bearings within the armored 
structure (barbette), and is rotated by an electric- 
hydraulic power drive which can be automatically 
or manually controlled. 

Surrounding the rotating structure below the 
gunhouse and extending to the ship's armored 
decks, is a fixed cylinder of heavy armor called 
a barbette, which serves as part of the turret’s 
armor (fig. 9-50). The lower spaces of the 
turret are protected by the ship's side armor 
belt and armored decks. All of the turret struc¬ 
tures, including the powder stowage magazine, 
are completely surrounded by armor protection. 

The major parts of a turret are illustrated 
in fig. 9-50. Each part is made up of separate 


SUSPENDED STRUCTURE 



84.141 

Figure 9-50. —Turret structure fixed and 
rotating elements. 
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levels. These levels contain the major assemb¬ 
lies and subassemblies of a turret system. 
Turret construction varies according to func¬ 
tion and purpose, and differs in many mechanical 
details. But, in general, its installations will 
contain all or some of the levels discussed below. 

The first level or gunhouse contains the 
turret's fire control and communication equip¬ 
ment necessary for turret control. Each gun 
compartment or gunroom contains the necessary 
power equipment to operate and service each 
gun. 

The second level, called the pan floor (pan 
plate), contains the pockets (gun pits) into which 
the breech end of the guns are depressed as the 
gun elevates. It also contains some of the ma¬ 
chinery for the train and elevation systems. 

The third level is the machinery floor on 
which most of the power equipment for turret 
operation is located. In some turret systems the 
stations for gun laying, both in train and elevation, 
are also located on this level. In most turrets, 
however, these stations are located within the 
gunhouse. 

The next three levels are the upper and 
lower projectile flats, and the powder handling 
platform. The projectiles stowed on the pro¬ 
jectile flats are loaded into hoists and lifted 
up into the gunhouse. The powder handling plat¬ 
form is surrounded by powder magazines which 
stow either bag or case type propelling charges. 
These charges are passed from the magazines, 
through flameproof openings called powder scut¬ 
tles, into the handling platform (room). The 
charges are loaded into elevator type hoists 
which deliver them to the gunroom. 

The center column (fig. 9-50) and the bulkhead 
which surrounds it are fastened to the pan floor 
(plate). They extend through and support the 
three levels of the suspended structure. The 
suspended structure contains the last three levels 
mentioned above and is part of the rotating 
structure of the turret. The combined weight of 
the rotating structure is supported by the roller 
bearings located on the pan plate. 

The general functions of a gun mount's major 
components, discussed early in this chapter, also 
apply to the turret's components with one major 
difference. In a turret, the slide, housing, and 
gun barrel are supported by girders (fig. 9-51), 
which serve the same purpose as a gun mount's 
carriage cheeks shown on figure 9-12. 

Turrets can be classified by the type of 
guns they employ, either case or bag type guns. 
Case guns are those in which the propelling 
charge is encased within a matel cartridge case; 



84.142 

Figure 9-51. — Gun girders. 


a bag gun is one in which the propelling charge 
is encased within a fabric container called a 
powder bag. 

There are four different types of turret in¬ 
stallations now installed on Navy ships. Two of 
these turrets are equipped with bag type guns, 
and two with case type guns. The rest of this 
chapter is devoted to a brief description of 
each type of turret and will include the— 

6"/47 case gun, 

8"/55 RF case gun, 

8"/55 bag gun, and 
16"/50 bag gun. 

6"/47 CASE GUN 

Guided missile light cruisers (CLGs) are 
equipped with two 6-inch, single purpose, three 
gun turrets (fig. 9-52). These turrets are virtually 
identical assemblies, each turret being an armor¬ 
ed gunhouse for a three-gun slide assembly mount- 
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Figure 9-52. —Section through 6"/47 triple gun turret. 
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ed in a conventional rotating turret structure. It 
is a high-speed gun-laying turret for three semi¬ 
automatic guns, arranged with automatic am¬ 
munition hoists and power rammers mounted on 
the slides of each gun. Ammunition is supplied 
to the gunroom through one projectile hoist 
and one powder hoist for each gun. The guns 
fire a 130-pound projectile over a maximum 
range of 25,600 yards. They are capable of 
sustained fire of 10 rounds per minute. The 
gunhouse is not divided into separate gun com¬ 
partments (rooms), because the greater safety 
of case ammunition renders such minute flame- 
tight subdivisions unnecessary. 

Ordnance Arrangement 

The gunhouse is divided into two sections, the 
turret officer's booth and the gun compartment. 
The former contains the electrical control units, 
fire control units, periscope, rangefinder, and 
communication equipment necessary for turret 
operation. The gun compartment contains the slide 
assembly which supports the three gun assemb¬ 
lies in parallel bearings. The slide is supported 
at each side of the turret by bearing blocks on 
the deck lugs within the gun girders. There are 
three power rammers with their respective 
hydraulic power plants, accumulators and con¬ 
trols. The arrangement of each power rammer is 
such that each unit is independently operated. 
The breech mechanism for each gun is a vertical 
sliding wedge breechblock which is power op¬ 
erated and manually controlled. In power op¬ 
eration a hydraulic cylinder unit, mounted on 
the bottom face of the gun housing, raises and 
lowers the breech mechanism. The breech mech¬ 
anism can also be operated manually in the event 
of power failure. 

The gun compartment also contains the powder 
and projectile hoists, hydraulic control units and 
unloading stations. Each turret has a total of six 
ammunition hoists, three projectile and three 
powder hoists arranged so that one of each serves 
each gun. Ammunition is manually loaded into 
the hoists and manually transferred from the 
upper hoists unloading stations to the gun loading 
tray after fuze setting. 

The hoists extend to the gun house from the 
ammunition handling levels (fig. 9-52), and are 
similar endless chain conveyors which operate 
automatically to deliver projectiles and powder 
cases to the gunhouse. 


Fuze Setters 

The fuze setter, mounted on the upper end 
of each projectile hoist, is a hand operated ma¬ 
chine for setting fuze time. When the fuzed pro¬ 
jectile is delivered to the upper hoist, it comes 
to rest just below the fuze setter. The fuze 
setter is lowered onto the projectile by two 
handles. The fuze setting is received verbally 
and is adjusted to this time by turning a hand- 
wheel; this in turn sets the fuze on the projectile. 
When the fuze is set, the fuze setter is raised 
and the projectile is then loaded into the gun 
loading tray. The gun loading trays are aligned 
with the gun chambers and are arranged with 
rammer chains which move semifixed ammunition 
into the gun for firing. 

Each gun has an empty case ejector unit which 
ejects the empty cases out of the turret's rear 
door by means of a conveyor belt and ejection 
chute. 

Gun Laying 

The gun laying stations, also located in the 
gun compartment, employ a reciever-regulator, 
electric hydraulic transmission arrangement. 
The elevating assembly is a screw-and-nut gear 
oscillating assembly which controls all three 
guns through one elevating screw secured to the 
center gun. The training assembly is a worm, 
wormwheel, and pinion drive, geared to a cir¬ 
cular training rack. Control selections for both 
train and elevation include automatic, local, and 
hand (power drive) control and auxiliary manual 
drive by a handcrank. The elevation control also 
includes an arrangement for automatic operation 
to a predetermined loading position. 

PERSONNEL 

The 6"/47-caliber three-gun turret is di¬ 
vided into four separate manned spaces and 
requires 40 men to man the various battle 
stations for normal turret operation. In order 
to maintain a high rate of fire, smooth coor¬ 
dination and rapid completion of all actions to 
complete a load-to-fire cycle, will stop or greatly 
retard the turret firing rate. As long as the 
turret crewmen perform their duties with speed 
and efficiency, the turret loading system can 
maintain a loading cycle time of approximately 
6 seconds, or a firing rate of 10 rounds per 
minute per gun. The various duties of the tur¬ 
ret personnel and the spaces in which they 
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perform their duties are described in the fol¬ 
lowing paragraphs. 

There are 22 crew members stationed within 
the gun house (fig. 9-53). Sixteen members are 
located in the turret's gun compartment and four 
to six in the turret officer's booth. The men 
stationed in the gun compartment comprise 2 
gun laying operators, 1 sightsetter, 3 gun op¬ 
erators, 3 powder hoist men, 3 powdermen, 3 
shellmen and 1 gunners' mate repairman. Sta¬ 
tioned in the turret officer's booth are 4 turret 
controlmen, which are the turret officer, turret 
captain, computer operator and ammunition sup¬ 
ply talker. In turrets that have range finders, 


two additional crew members are stationed within 
the turret officer's booth to operate the range¬ 
finder. 

TURRET OFFICER. —He supervises all tur¬ 
ret operations, and he sets the switches and con¬ 
trols for automatic, local, or hand control. He 
assumes full control of turret fire in the event 
of failure of the remote fire control system. 
In local or hand control, he designates the tar¬ 
gets and directs and coordinates all turret op¬ 
erations. He mans the periscope in the turret 
officer's booth to observe the fall-of-shot, and 
constantly gives spot correction orders to the 
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GUN CAPTAIN ^ TRAINER 
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Figure 9-53. — Turret personnel arrangement. Gunhouse stations. 
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computer operator. Various types of communi¬ 
cation equipment are available to the turret 
officer to maintain communications between him¬ 
self and personnel in the plotting rooms and other 
stations within the turret. 

TURRET CAPTAIN. —He is the assistant 
supervisor of turret operations. He complies with 
orders of the turret officer, and assists him in 
the setting of controls for turret operation. He 
is the overseer of gun operations, and he directs 
and coordinates the three gun captains. He can 
assume the duties of the turret officer in the 
event of his being incapacitated. 

AMMUNITION SUPPLY TALKER. — He trans¬ 
mits orders from the turret officer or turret 
captain to the ammunition handlers and loaders. 

COMPUTER OPERATOR. —He is solely re¬ 
sponsible for the operation of the auxiliary com¬ 
puter. He takes over computation of the fire 
control problem when the turret is in local or 
hand control. He introduces certain inputs into 
the auxiliary computer, which produce the values 
of sight angle and sight deflection. These values 
are indicated on counters on the computer and 
are transmitted by him via sound-powered tele¬ 
phone to the sightsetter for setting the sight- 
setter's indicator. 

RANGE FINDER OPERATORS. —They both 
are in standby duty when in automatic control. 
In local or hand control, they are responsible 
for ranging on designated targets and for pro¬ 
viding range values. They are also called on to 
spot in range and make initial target angle and 
speed estimates. 

GUN LAYING OPERATORS. — They are di¬ 
rectly responsible to the turret officer for the 
operation and control of the training and elevation 
gear. They govern the selection of control and 
assume the duties of gun laying when in local 
or hand control. When directed by the turret 
officer, they can select the desired control, 
control gun laying by following pointer control, 
position the turret on the target visible through 
their telescopes, or position the turret to cor¬ 
respond with verbal orders from the turret 
officer. A standard firing key is located on the 
handwheels of both gun laying stations. The pointer 
or trainer can be selected to fire the guns when 
in local or hand control, when his station is 
selected by the turret officer. 


THE SIGHTSETTER. —He is responsible for 
manually entering the mechanical values into his 
sightsetter's indicator to offset the lines of sight 
of the gun layer's telescopes, to correct for 
both sight angle and sight deflection, as explained 
in chapter 13. He operates the handeranks of his 
indicator in response to electrical orders re¬ 
ceived and indicated on his dials, when sight 
angle and deflection are computed in plot. In 
local or hand control, sight angle and deflection 
values are telephoned to the sightsetter by 
the computer operator. The sightsetter does 
not match dials, but hand cranks the values into 
the sightsetter's receiver regulator. 

THREE GUN OPERATORS (gun captains)— 
They are directly responsible for master control 
and supervision of their guns. They manipulate 
their unified control levers, which control the 
actions of the rammer and breech mechanism. 
They position their ready switches to ready, to 
indicate that the gun is ready to fire. They ob¬ 
serve the continuity of gun loading firing actions 
and are constantly ready to stop gun loading 
operation in the event of a malfunction or a 
cease fire order. 

THREE POWDER HOIST MEN. —There is 
one man for each gun. They remove cartridge 
cases from the upper end of the powder hoist 
and place them on powder trays for the powder- 
men. They can stop hoist operation in case of 
a malfunction or emergency, and can select 
the type of operation, either hydraulic or manual, 
as directed. They lower unused cartridge cases 
after cease fire back down to the magazine. 

THREE POWDERMEN. —They receive car¬ 
tridge cases from the powder hoist men and place 
them into the slide loading trays for ramming. 
After cease fire, they clear the unused cartridge 
cases from the slide and return them to the pow¬ 
der hoist men to be returned to the magazine. 

THREE SHELLMEN. —They are responsible 
for loading projectiles into the slide loading trays. 
They select hydraulic or manual operation of 
their projectile hoists. They can stop hoist op¬ 
eration in the event of an emergency. They set 
the fuzes on the projectiles and are responsible 
for changing br.eech operation from automatic 
to nonautomatic whenever the indicator light 
shows that the case ejector chute is detached 
from the slide. After firing operations, they 
work with the gun crew to unload the gun slide 
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and hoist, and to clean, pres6rve, and stow the 
gun. 

A GUNNER'S MATE REPAIRMAN. — He is a 
general utility troubleshooter for all gun equip¬ 
ment in all methods of turret control. In pre¬ 
paring for action he casts loose the slide secur¬ 
ing devices, releases the gun locking devices, 
and opens the gas ejector shutoff valve. In 
emergency, during gun casualty operation, he 
performs or assists in manual case extraction, 
manual case ejection, and other operations nec¬ 
essary to resume normal fire. He is ready to 
assist the gun captains and the turret officers 
as directed. He assists in ammunition stowage 
when the projectile hoists are being used to 
lower ammunition to the projectile handling 
level. 

The balance of the turret crew members are 
stationed at levels below the gunhouse. An elec¬ 
trician is stationed on the machinery floor for 
general maintenance of the control and power 
circuits and for the electrical power installations 
of the turret. 

Seven members of the turret crew are sta¬ 
tioned on the projectile handling level: 3 pro¬ 
jectile hoist men, 3 projectile passers, and a 
petty officer in charge. They are responsible for 
loading, unloading, and stowage of projectiles 
under the supervision of the petty officer in 
charge. The petty officer in charge mans the 
telephone equipment and is in communication 
with the turret controlmen in the gunhouse. 

The men in the powder handling room per¬ 
form duties similar to those on the projectile 
handling level. There are 3 powder hoist men, 
3 powder passers, 3 powder scuttle men, and a 
petty officer in charge. 

8"/55 RF CASE GUN 

At the present time the closest approach to a 
completely automatic turret system is the 8-inch 
55-caliber rapid-fire (RF) three-gun turrets, 
installed on heavy cruisers (CAs). They are the 
largest naval weapons now in service using case 
ammunition. Like the 6"/47 turret, the 8"/55RF 
turrets do not require flameproof bulkheads 
separating the guns within the gunhouse. This 
is due in part to the use of case-type ammunition, 
and in part to the design types and details of 
the gun ammunition loading system. 

The foundation structure, barbette, and mag¬ 
azine are of a standard turret design (fig. 9-54). 
Their ordnance features, however, differ in that 
the turret ammunition loading system was an 


entirely new design. Their guns operate auto¬ 
matically and require no attendants (shellman 
or powder man) within the gun compartment. 
This automatic feature enables each gun to fire 
a round every 6 seconds when in continuous 
automatic fire. Other features of the 8"/55 RF 
turret are a fast gun laying control system, 
loading at all angles while firing, automatic 
fuze setting, radar equipment for optical range¬ 
finder control, and other flexible fire control 
arrangements for local and remote control. 

The turret’s gun laying equipment for train 
and elevation employs an electric-hydraulic power 
drive system controlled by a power servosystem. 
They can be operated in automatic, local, and 
hand control. The first two methods are con¬ 
trolled by a servosystem from either a remote 
director (electrical signal) or by receiving a 
mechanical signal form the handwheels located 
in the gun laying control stations. In hand control 
the servo control units are not used. The A-end 
tilt plate of the hydraulic power drive is me¬ 
chanically positioned through direct connections 
from the gun layer's handwheels. 

The training gear is a worm, wormwheel, 
and pinion mechanism meshed with a fixed cir¬ 
cular rack located on the lower roller track. 
There is one train control station within the 
gunhouse and one train receiver-regulator. The 
hydraulic unit consists of one A-end and two 
B-ends connected hydraulically by a pipe mani¬ 
fold. The B-ends are coupled at opposite ends 
of the train driven worm gear. The drive torque 
is the same at both ends of the worm gear for 
synchronized control. 

The elevating gear is worm, wormwheel, and 
pinion reduction gear, meshed with an elevating 
arc located on each gun slide. Each gun is 
independently driven in elevation and depression 
and does not have a mechanical cross-coupling. 
The control of the guns is so arranged that they 
are synchronized to operate together, or they 
can be controlled separately. There is one 
pointers control station located within the gun¬ 
house and three elevation receiver-regulators. 
The pointer does not have a mechanical control 
selector device. Instead, a control panel is used 
to separately select the control circuit for each 
gun. Three switches, one for each regulator, can 
be positioned to control the gun in all three 
methods of control (auto, local, or hand). Another 
feature of the elevation control system includes 
provisions for automatically positioning the gun 
to an unloading position. 

Each gun has a projectile hoist on its right 
and a powder hoist on its left. Both are con- 
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Figure 9-54. — 8"/55 rapid-fire turret. Cross section. 
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trolled by an electric-hydraulic power drive. 
Each hoist employs an endless-chain sprocket 
type arrangement which delivers a 140-pound 
metal powder case and a 260-pound projectile 
from one powder handling room, and two pro¬ 
jectile handling levels to a hoist cradle located 
at the upper ends of each hoist. 

Gun Loading Equipment 

Most of the gun loading machinery that serves 
ammunition to the 8-inch RF gun is shown in 
figure 9-55. The projectile-hoist cradle, which 
receives the projectile from the projectile hoist, 
can swing up and down (arrow A in figure 9-55) 
between its hoist tube (receiving position aligned 
with the hoist) and its discharge position (the 
projectile transfer tray.) The hoist-cradle is ro¬ 
tated on a journal bearing, surrounding the 


trunnion by a hydraulic cylinder. The cradles 
lock in either position, regardless of gun ele¬ 
vation angle and move with gun-laying move¬ 
ment until the projectiles and powder cases are 
ejected into their transfer trays. There is a sim¬ 
ilar powder-hoist cradle (not shown infigure 9-55) 
on the left trunnion which has similar positions 
with respect to the powder hoist and transfer 
tray. 

Each cradle had a pawl at its open end and a 
large spring-ram device at its trunnion end. 
When the hoists lift the ammunition into the 
cradles, the spring ram is compressed by the 
projectile and powder cases within their re¬ 
spective cradles (fig. 9-56). A hydraulically 
operated pawl latches the ammunition so that it 
cannot move out of the cradle until the cradle 
latches itself to the transfer trays. When the 
cradle reaches this position, interlock switches 
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Figure 9-55. — 8"/55 RF gun and turret. Loading equipment. 
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Figure 9-56. — 8"/55 RF gun and turret. 
Projectile loaded into hoist cradle. 


close a circuit, which causes immediate hy¬ 
draulic retraction of the retaining pawl. The 
compressed coil spring in the cradle ejects 
the ammunition into the transfer trays. 

There is a remotely controlled fuze setting 
mechanism located in the hoist cradle of each 
projectile hoist. 

The powder and projectile transfer trays 
can swing inboard (ram position) and outboard 
(firing position), as shown in figure 9-55 (arrows 
B and C), under the thrust of a hydraulic cylinder. 
When in the ram position, the transfer trays 


align the ammunition with the gun breech and 
the rammer head link. In the firing position, 
the trays allow clearance for the gun to recoil 
and for the ejected cartridge case to move along 
the spanning tray into the empty powder-case 
tray. The spanning tray, which is structurally 
a part of the housing, moves in recoil with the 
housing under the empty powder-case tray, which 
remains stationary. When the powder transfer 
tray swings inward to the ram position, the 
empty powder-case tray, which is linked to the 
transfer tray (fig. 9-55), moves downward and 
transfers the empty cartridge case to the case- 
ejection mechanism. This mechanism is a hy¬ 
draulically driven chain-conveyer unit which 
thrusts the empty case outside the turret through 
a tube under the gun barrel. 

The breech mechanism consists of a vertically 
sliding wedge, power-operated breechblock, an 
electric-firing mechanism and a power-operated 
mechanical case extractor. The breechblock and 
the case extractor can be manually operated in 
the event of a power failure. 

Crew Stations And Operations 

Forty-four men are required to man the 
battle stations of this turret installation. Twenty- 
seven men of this complement, located in the 
levels below the gunhouse, operate the ammunition 
service to the guns; 6 others, stationed in the 
gunhouse, control and maintain gun operations; 
these 33 men are identically employed in all 
methods of turret control. 

The balance of the organization consists of 
2 gun-laying operators and 10 turret controlmen, 
all stationed in the gunhouse. These 12 men have 
varying duties, depending on the method of control. 
In this installation, in fully automatic operation, 
the operations of the guns are controlled from the 
turret officer's booth in the rear of the turret 
from control panels and switchboards. 

Eighteen members of the crew are located in 
the gunhouse (fig. 9-57). There are 10 turret 
controlmen, 2 gun-laying operators, and 6 gun 
operators. 

The 10 turret controlmen are the turret of¬ 
ficer, turret captain, computer operator, 2 radar 
operators, 3 talkers, sightsetter, and checker. 
The checker is a member of the crew in training 
operations only; his station is not manned in 
battle action. 

The 2 gun-laying operators are the pointer 
and trainer. 

The 6 gun operators are the 3 gun captains, 
their assistants, and the electrician. The latter is 
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Figure 9-57. — 8"/55 RF gun and turret. Gun house crew stations. 


stationed in the gun house for general maintenance 
,of control and communications circuits. His prin¬ 
cipal responsibility is trouble correction and aid 
in maintaining continuous operation of the guns. 

8"/55 AND 16"/50 BAG GUNS 

All turrets equipped with bag guns are essent¬ 
ially similar. The 8-inch and 16-inch turrets 
differ in many mechanical details, but in general 
their installations and equipment perform the 
same basic function. Because of this, we will not 


discuss each turret in detail but explain the op¬ 
eration of their assemblies and point out their 
differences. Bag type guns differ from case type 
guns in their methods of handling, transferring, 
and loading ammunition. Since bag type ammuni¬ 
tion requires greater safety precautions in hand¬ 
ling, each gun within the gunhouse, and the 
powder hoists which service each gun, are 
arranged in separate flameproof compartments 
and structures. A flame seal located at the upper 
end of each powder hoist isolates the lower powder 
handling rooms from each gun compartment. 
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Breech Mechanisms 

Both turrets employ a screw box liner arrange¬ 
ment within the breech end of their guns, whose 
inner surface provides the stepped threads which 
engage an interrupted screw type breech plug 
mechanism. This type breech mechanism utilizes 
a De Bange type mushroom gas check seal, 
designed to withstand the gas pressure developed 
within a typical large-caliber gun chamber. 
Breech mechanisms will be explained in detail 
in the following chapter. 

Gas Ejection 

The gas ejection system blows air into the gun 
bore to clear it of gasses and powder fragments 
upon breech opening after firing. A gas-ejector 
valve controls the flow of air in the ejector 
system. It is automatically opened by a gas 
ejector trip plate when the breech plug is turned 
for opening, and the valve is closed manually 
when the bore is clear. A riser pipe in each gun 
compartment connects with the gas ejector system 
and supplies compressed air at approximately 
150 to 200 psi. 

Gun Laying 

The gun laying equipment for both turret sys¬ 
tems employs three elevating gear assemblies 
and consists of an electric-hydraulic power 
drive, an oscillating bearing assembly and a 
screw-and-nut type elevating screw. Gun ele¬ 
vation movements are controlled automatically 
from a receiver-regulator (remote signal), or 
by rotation of the pointer's handwheels (local 
control). After firing, the guns are automatically 
positioned to a loading angle of from 5 to 9 
degrees in elevation by operating a control 
level. 

The training gear and its control equipment 
for both turret systems consists of an electric- 
hydraulic power drive and a select control similar 
to the elevating gear installations. The difference 
between the training equipment of these turrets 
is that the 16-inch turret system employs two 
B-ends controlled by one A-end. The two B-ends 
drive two training pinions that mesh with a single 
training circle secured to the turret's foundation. 
In the 8 inch turrets, one A-B end hydraulic 
unit is used to control a single training pinion. 
The location of the gun layer stations differs 
between these two turret systems in that the 
three pointer and one trainer stations are lo¬ 
cated on the machinery floor in the 16-inch 


turrets and within the gunhouse in the 8-inch 
turrets. 

Turret Construction 

Construction and general arrangement of bag- 
type turrets are identical in many respects. The 
primary difference between the 8"/55 and the 
16"/50 bag-gun turrets is the method and type 
of ammunition handling equipment used to service 
each gun. The size and weight of any type am¬ 
munition will control the design of its ammunition 
service equipment from a magazine to a gunhouse. 
For example, a service charge weighing 650 
pounds is required to fire one 16" projectile 
(2,700 pounds) from each gun. In our discussion 
of a bag-gun type turret construction we will 
point out the difference between the 8" and 16" 
turrets, by explaining the types and methods of 
their ammunition handling and loading equip¬ 
ment. Cutaway views of both turrets are shown 
in figures 9-58 and 9-59. 

Powder Handling Levels 

The lowest level of these turrets is the powder 
handling room, which is surrounded by powder 
magazines. These magazines hold powder bags 
in ready service. The powder bags are passed 
through flameproof scuttles into the handling 
room. Here the bags are loaded into car type 
vertical lift hoists (fig. 9-60). The hoists are 
installed within a flameproof enclosure that 
extends from the powder handling room to the 
gun room. In the 16" turret system each hoist 
serves a single gun and is independently con¬ 
trolled. The powder car for each hoist contains 
two tilting trays with three powder bags in each 
tray (six bags are required for each gun per 
round). 

16" Powder Handling 

During gun loading operations, the powder- 
car is raised by an electric-hydraulic power 
drive to a point where the lower tilting tray is 
aligned with an unloading station within the gun 
compartment. The first three powder bags are 
removed for loading into the gun, after which the 
powder car is automatically lowered and stops 
in a position so that the upper tilting tray is 
aligned with the same unloading station. The 
last three powder bags are removed and through 
interlocks the powder car is returned to the 
handling room for reloading. 
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Figure 9-58. —8"/55 Bag-gun turret. 
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Figure 9-59. —16"/50 Bag-gun turret. 


8" Powder Handling 

In the 8 n turret system, an upper powder 
hoist is required to transport powder bags to 
the gun compartment. By manually transferring 
powder bags from the lower powder hoist 
to the upper hoist located in the upper powder 
j handling room (fig. 9-58), the powder train is 
broken. This interposes additional flameproof 
: doors between the magazine and gunhouse. 

I 

I The upper powder hoist equipment consists 
; of a right and left powder hoist for each gun. 
] Each hoist raises one powder bag from the upper 
handling room to the gun compartment. Two 
powder bags are required for each gun per 
round. 


The lower hoist cars for each hoist contain 
two compartments within a car type vertical 
lift, and transport two powder bags for each 
hoist cycle, from the lower powder handling 
room to the upper powder handling room. 

Projectile Handling Level 

The 8-inch turret system has one projectile 
handling level (fig. 9-58) on which about 500 
projectiles are lashed or otherwise secured in 
a symmetrical arrangement of fixed bins, shelves, 
and platforms. Three main projectile hoists, one 
for each gun, ascend from the projectile handling 
level to the turrets gunhouse. The projectile 
hoists are a rack and lift pawl and hydraulic 
ram design, with folding cradle and spanning 
tray arrangement. The 8-inch turrets are also 
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Figure 9-60. — Powder car and trunk for 
16-inch turret. 


equipped with three auxiliary projectile hoists 
(fig. 9-58). These are electric-hydraulic whip 
hoists with manual start and automatic stop 
control. Their hoist passages are equipped with 
hinged flameproof covers. 

In the 16-inch turret system, projectiles are 
stowed on two levels designated upper and lower 
projectile flats (fig. 9-59). Each level is sub¬ 
divided into three concentric ring-shaped plat¬ 
forms, an outer, center, and inner ring. The outer 
ring is a nonrotating shelf attached to the turret 
foundation (fig. 5-59),providingprojectile stowage 
designated as fixed stowage. The center ring, 
part of the turret's rotating structure, is the 
shell handling platform. The inner ring is a 
rotating structure and arranged to be power 
driven, clockwise or counterclockwise, with re¬ 
spect to the center ring. It provides projectile 
stowage designated as rotating. Figure 9-61 shows 
a plan view of a 16 inch projectile flat. 


All projectiles, fixed and rotating, are stowed 
erect (on their base) and each is separately 
lashed to adjacent rotating and fixed bulkheads. 
A total stowage of from 370 to 460 projectiles 
are held in ready service. These projectiles 
serve three projectile hoists which can be si¬ 
multaneously loaded quickly by means of par¬ 
buckling gear. 

Projectile parbuckling equipment is located 
within the two projectile stowage and handling 
flats (fig. 9-61), and are equipped with identical 
arrangements of power-driven capstans. These 
capstans are electric motor drive mechanisms 
arranged with snubbing ropes, rope hooks, and 
rollers, so that all projectiles, fixed and rotating 
may be transferred by parbuckling. The equip¬ 
ment operates to simultaneously load all three 
hoists with projectiles located on the rotating 
inner ring and transfer projectiles from fixed 
stowage to the inner ring and then into the hoist. 
Only in emergency, such as projectile inner ring 
drive failure, are projectiles parbuckled directly 
from fixed stowage to the hoist. 

Projectiles are transferred in the 8-inch 
turret system from their stowed positions to 
their hoists by means of whip hoists, hoist 
slings, and projectile carriers. The projectile 
carrier is used to support and transfer projectiles 
in either a vertical or horizontal position. In use, 
two arc-shaped pieces fit around the projectile 
and are locked in position by a spring loaded 
plunger. A hook on the carriage engages the 
base of the projectile as shown in figure 9-62. 
Projectiles stowed on stowage shelves use this 
method of transfer. Projectiles stowed horizon¬ 
tally in bins are supported during handling by 
rope slings. These slings are left on the pro¬ 
jectiles so that they can be easily removed 
from stowage. 

Cradle Assembly 

In both turret systems, a cradle assembly 
located at the upper part of each projectile 
hoist (fig. 9-63) receives a projectile from the 
hoist and when rotated vertically, forms a ram¬ 
ming tray in line with the gun breech (fig. 9-64). 

The cradle assembly consists of a cradle 
fulcrum, a cradle, and a spanning tray unit. 
During projectile hoisting, the cradle is upright 
so that its axis lines up with that of the hoist 
tube, and the spanning tray is folded against the 
cradle (fig. 9-63). 
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Figure 9-61. —Projectile stowage and handling floor, plan view, 16"/50 caliber gun turret. 


The cradle assembly is trunnion pivoted in the 
cradle fulcrum bearings and when pivoted hori¬ 
zontally to the ram positon, the spanning tray, 
hinged to the front of the cradle, spans the space 
between the cradle and the gun breech (fig. 9-64). 
The cradle fulcrum, cradle, and spanning tray are 
so arranged that movement of the cradle moves 
the spanning tray. As the cradle is raised, the 
tray folds downward; when the cradle is lowered, 
the tray moves upward and forward into the 
spanning position. The cradle assembly is op¬ 
erated by a hydraulic cylinder (fig. 9-63) and 
when the cradle operating control lever is po¬ 
sitioned to lower the cradle, the guns must be 
at their preset loading position. 


Rammer Assembly 

The rammer consists essentially of a special 
roller type chain which meshes with a power- 
driven sprocket. The power drive is a conventional 
electric-hydraulic transmission which drives a 
sprocket wheel. The control arrangement pro¬ 
vides full power projectile ramming to a jam¬ 
med stop. This is necessary to force the pro¬ 
jectile's rotating band into the barrel rifling 
so that the projectile will not move to the rear 
when the gun is elevated. Powder bags are 
rammed into the gun chamber at a slower speed 
when a power rammer is used. The rammers for 
bag type turrets are mounted on the shelf plate 
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Figure 9-62. —Projectile handling equipment. 
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Figure 9-64. — Tray in Ram position. 


(figs. 9-58 and 9-59), with the rammers in line 
with the projectile hoist cradle when it is in 
the ramming position. The ramming mechanism 
comprsies the following components: 

Chain casing and sprocket. 

Rammer chain, and 

Head link and buffer. 

CHAIN CASING AND SPROCKET.— The cas¬ 
ing provides the space and tracks for coiling 
the chain; the sprocket drives the chain (fig. 
9-65). 

The sprocket wheel, enclosed within the casing, 
consists of two tooth flanges separated by a hub 
piece. The hub arrangement provides close coup¬ 
ling and self-adjustment for any slight misalign¬ 
ment, and also facilitates adjustment of the ram¬ 
mer chain position with respect to the power 
drive limit stops. A chain withdraw buffer, 
attached to the front end of the casing, cushions 
the withdrawal stroke of the rammer chain head 


link (fig. 9-64). Buffing action is provided by a 
flow of hydraulic fluid around a plunger piston 
through tapered groves within a cylinder. Two 
rawhide stops seated on the front face of the 
buffer body prevents metal to metal contact be¬ 
tween the casing and rammer head link and also 
provides a positive stop during the rammer 
chain retract stroke. 

RAMMER CHAIN. —The rammer chain is a 
conventional roller type chain link which forms 
a rigid column when extended (fig. 9-66). It is 
an assembly composed of a rammer head link, 
26 male and 25 female links (16 inch), or 16 
male and 16 female (8 inch) and a tail link. The 
chain acts to push the projectile and powder bags 
along the spanning tray and into the breech of 
the gun. It is free to fold in the chain casing 
during the return stroke (fig. 9-65). 

The tail link (fig. 9-65) is a positive stop 
link which is designed to jam at the sprocket 
wheel in the event of limit stop failure or when 
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Figure 9-65.—Rammer chain and sprocket. 
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Figure 9-66.—Rammer chain. Ram position. Projectile in gun breech. 
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the rammer mechanism is operated without a 
projectile. A removable pin provides for easy 
disconnection of the tail link from the rammer 
chain to permit removal and replacement of the 
rammer chain through the front end of the casing. 

HEAD LINK AND BUFFER. —The rammer 
head link is attached to the forward female 
link with a removable pin. The head link houses 
the head link buffer assembly (fig. 9-64), which 
functions to buff the impact of projectile seating 
through a coil spring and hydraulic fluid action. 
Mechanical and hydraulic buffers were explained 
in chapter 6. Figure 6-18 shows a hydraulic 
buffer that functions the same as those used 
as head link buffers. 

PERSONNEL. —An 8-inch, three-gun turret 
can operate with a crew of 54 men with additional 
men stationed in the powder magazine. Normal 
loading and firing starts when the gun captain 
inspects the gun bore, wipes the mushroom, 
primes the firing lock, and actuates a bore 
clear switch. The tray man spans the spanning 
tray by stepping on the cradle release foot pedal 
(fig. 9-64), and swings the tray out and down 
into the gun breech. The rammer man rams the 
projectile on a hand signal from the trayman. 
After the projectile is seated, he retracts the 
rammer by positioning his control level to with¬ 
draw. He then opens the powder hoist covers. 
The gun captain and trayman remove powder bags 
from the hoists, place them on the spanning tray 
and hand ram them into the breech; red end of 
bags must be to the rear (the rear end of the 
powder bags are the ignition pads). The ram- 
merman closes the powder hoist covers (flame¬ 
proof doors) and the trayman retracts the span¬ 
ning tray. The gun captain closes and manually 
locks the breech plug mechanism. When the 
breech is closed and bore clear indicator light 
goes on, the gun captain turns his ready switch 
to ready and the guns return to their firing 
angle. The pointer closes his foot-activated 
ready switch when the gun is on target. The 
guns fire and recoil, the guns return to battery, 
a breech close and recoil indicator lights go 
on, the gun captain's ready switch spring re¬ 
turns to safe, and the guns assume the preset 
loading position. The gun captain lifts the breech 
operating lever latch and opens the breech, in¬ 
spects the bore, wipes the mushroom, and actu¬ 
ates a bore clear switch. At this point the guns 
are ready for reloading. 

A 16-inch, 3-gun turret can be operated with 
a minimum crew of 77 men inside the turret. 


In addition, there are six powder passers 
in the annular space between the powder-handling 
room and the magazines, and twelve powder 
passers in the magazines. 

With the turret in all respects ready to fire and 
the power machinery in operation, the first 
command is: "Fill the powder train; fill the pro¬ 
jectile hoists." At this command the necessary 
powder tanks in the magazines are opened; 
powder is passed through the scuttles to the 
lower handling room; the powder cars are filled 
and raised to the top of the hoists. NavOrd 
safety precations require that in each flame- 
tight stage of the ammunition train, not more 
than one charge per gun, for the guns being sup¬ 
plied through that stage, shall be exposed or 
allowed to accumulate. Simultaneously the pro¬ 
jectile-handling room crews are loading the 
projectile hoists with the required type of pro¬ 
jectiles. 

The above command further implies that 
whenever an empty powder car is returned to 
the lower handling room, or that whenever an 
empty stage in the projectile hoist appears, the 
crew must reload immediately until otherwise 
ordered. 

The first command to the gunroom crew is 
"Load." The gun captain, on the loading platform, 
unlatches the breech-operating lever and pushes 
it down. The primerman, under the breech, as¬ 
sists the gun captain in locking the breech down. 
The gun captain wipes the mushroom and inspects 
to see that the bore is clear. As soon as the "Bore 
Clear" signal is given, the gun captain shuts off 
the gas ejector valve and signals the cradle 
operator to span the tray. 

At the same time the primerman inserts 
a primer into the open firing lock. The rammer 
operator rams the projectile until it is seated and 
withdraws the rammer as he opens the powder-car 
door. The powder-car operator tilts one of the 
powder-car trays, and three bags of powder roll 
across the door onto the spanning tray. The gun 
captain and cradle operator guide the powder 
bags across the door and space them out on 
the spanning tray. The powder car lowers about 
23 inches and stops automatically, and the re¬ 
maining three bags of powder are rolled onto the 
spanning tray. 

The rammer man closes the powder-car door 
and carefully rams the six powder bags to place 
the rearmost bag not more than 4 inches from the 
mushroom when the breech is closed. The cradle 
operator folds the spanning tray as soon as the 
rammer is withdrawn. The gun captain releases 
the breech hold-down latch and opens the air 
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valve to the closing cylinder. He then latches the 
operating lever as the plug rotates to the closed 
position. The gun captain steps off the loading 
platform and operates the "ready" switch to 
signal that the gun is loaded and to bring the gun 
to gun order position. 


SAFETY 

Attention of mount and turret personnel is 
called to the need for constant alertness to the 
requirements of safe operation of gun mount and 
turrets. It is the obligation and duty of all 
concerned to observe all applicable safety reg¬ 
ulations and instructions. In each part of a ship 
where ammunition is stowed or handled or where 
ordnance appliances are operated, applicable 
safety orders are posted in conspicuous and 
accessible places. It is the duty of the ship's 
weapons officer to ensure that all personnel con¬ 
cerned are frequently and thoroughly instructed 
and drilled in the safe operation of ordnance 
equipment and ammunition handling. 

The responsibility for observance of all safety 
precautions lies with the gunner's mates. They 
are the experts; they must never relax their 
vigilance; the lives of their gun crew depends 
on them; carelessness must never be permitted. 

On guns equipped with hydropneumatic coun¬ 
terrecoil systems, the safety link which locks 
the gun to the slide shall be connected at all 
times except when firing or when testing and 
overhauling the counter recoil systems, or when 
a gun battery is in a condition of readiness for 
action. 

Before firing any gun, inspect and fill the 
recoil and counterrecoil systems in the presence 
of the ship's weapons officer or assistant wea¬ 
pons officer. Whenever there is a possibility of 
action, all recoil and counterrecoil systems shall 
be kept ready for immediate use and shall be 
inspected as frequently as safety demands. 

DANGER—never charge the counterrecoil 
system with oxygen, because an oxygen and oil 
mixture is extremely explosive. 

To minimize the risk of fire, explosion, and 
damage to ammunition and its containers from 
accidental causes, ammunition shall be handled 
as little as practicable. The action of denting 
thin-cased high explosive ammunition is known 
to have caused detonation of the explosive. In 
some instance, special care shall be exercised 
to ensure that such ammunition is never struck, 
dropped, or bumped. 


Cut loose only as many projectiles as can 
be conveniently handled at one time. Loose pro¬ 
jectiles are liable to roll and cause serious dam¬ 
age to equipment and injury to personnel. 

Always remove the nose fuze waterproof 
protecting cap before putting projectile into a 
hoist. 

No ammunition or explosive assembly shall 
be used in any gun or appliance for which it is 
not designated. 

No other than drill ammunition shall be used 
for drill. 

Fuzes which have been set shall be reset to 
the safe position before sending them below for 
stowage. 

In order to avoid danger from flammable 
gases, fired cartridge cases shall, before stowing, 
remain in freely circulating open air for at least 
10 minutes. If practicable, they should be stored 
on their base. 

Load service or practice ammunition into 
the gun only for firing purposes. Do not fire 
service or practice ammunition into the gun for 
tests or inspection. During firing keep only 
ammunition that is immediately required outside 
of the magazine. Stow dummy ammunition away 
from the ammunition handling areas when firing. 
Where ammunition is handled outside the maga¬ 
zine, close off any compartment of space in which 
the ammunition is handled. 

On bag type guns each scuttleman must make 
certain that only one service charge per gun is 
exposed in the lower powder handling room at 
one time. 

Powder bags are easily broken but are strong 
enough if carefully handled. Loading crews must 
handle the bags carefully and keep them clear of 
sharp projections. If a bag is broken, the command 
"Silence" is given. The powder must be swept up 
and put in a spare bag which may be loaded into 
the gun. If the break is of such a nature that the 
powder has become scattered, all loose powder 
must be carefully swept together and with the 
broken bag immersed in water. 

On bag type guns, always wait for hand signals 
from the traymen before ramming a projectile. 
The rammerman controls apowerful rammer that 
could easily kill a gun captain or trayman. The 
rammer head, if operated before the span tray 
is fully extended, is liable to slip over the heel 
of the projectile, leap forward and strike the 
breech of the gun. 
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MISFIRE OR HANGFIRE 

If ammunition is left within a gun because of 
the gun failing mechanically or because of faulty 
ammunition performance when firing, certain 
conditions of the gun and ammunition determine 
the procedure to follow. Definitions of these 
conditions are — 

COLD GUN—A gun is considered a cold gun 
when a bare hand can be placed, without discom¬ 
fort, anywhere on the outside surface of the 
barrel. 

COOKOFF — A cookoff occurs when a loaded 
round of ammunition is fired or detonated by heat 
from the walls of the surrounding gun barrel. 

FLAREBACK—A flareback is caused by flam¬ 
ing powder gases escaping through the breech end 
of a gun barrel when the breech is opened. 
These gases result from burning debris from a 
preceding round. 

HANGFIRE —A hangfire is the delayed ignition 
of the propellant due to some imperfection in the 
ammunition. It also can be an accidental delay of 
primers and igniters. 

MISFIRE —A misfire occurs when a loaded 
gun fails to fire after activating the firing mech¬ 
anism. This may be attributed to a break in the 
firing lead, a faulty primer, or some internal 
ammunition failure preventing the ignition of 
the propellant. 

If a round fails to fire, the following procedure 
shall be followed: 

1. Train and elevate the mount or turret to a 
safe line of fire. 

2. Keep the breech mechanism fully closed. 

3. Continue attempts to fire. If desired, re¬ 
prime bag guns. Such efforts should not involve 
any movement tending to open the breech. 

4. If the gun does not fire after continuous 
attempts, open the firing key and break the fir¬ 
ing circuit elsewhere. 

5. Unhook the firing lanyard if detachable. 
Remove the primer from the firing lock of a 
bag gun, using the primer tools supplied for this 
purpose and taking care to avoid danger from 
recoil and blowback. For this purpose, or for 
shifting primers, do not leave the firing lock 
open longer than necessary. 

Blowback is the escape, to the rear and under 
pressure, of gases formed during the firing of 
the gun. Blowback may be caused by a defective 
breech mechanism, a ruptured cartridge case or 
powder bag, or a faulty primer. 


6. Do not open the breech for 30 minutes 
after the last attempt to fire. This is at the dis¬ 
cretion of the commanding officer, and is not 
obligatory in the time of action, or advisable 
with a hot gun. Current instructions to prevent 
a projectile cookoff recommends earlier opening 
of the breech when the gun cannot otherwise be 
cleared by firing. 

7. When it is impossible to clear a live round 
from a hot gun within the prescribed safe-time 
limit, cool the gun with water immedi ately. C ooling 
the gun from the inside is the quickest and best 
means of reducing the temperature of the pro¬ 
jectile and propellant. It is important to keep 
the barrel full of water (elevate the guns); too 
little water can be more dangerous than none. 
Water or steam in small quantities transfers 
heat better than air. A safe-time limit is deter¬ 
mined by the amount of rounds fired within a 
time period. Each type of gun mount and turret 
has a different safe-time limit. A gun is con¬ 
sidered a hot gun when it has fired more than a 
prescribed amount of rounds within a time period. 
A hot gun is a gun that has reached a cookoff 
temperature. The safe-time limit is the time in 
which the conditions causing the gun's failure 
may be corrected after the gun has reached its 
cookoff temperature. The hotter the gun, the 
greater the urgency for corrective action. 

8. Clear unnecessary personnel from the 
vicinity of a loaded gun to avoid casualties if 
the projectile detonates within the bore. Those 
personnel involved in cooling the gun must work 
quickly and keep as far away from the gun as 
possible. 

9. Never leave a loaded gun until all safety 
precautions have been carried out. 

10. Ammunition removed from a loaded gun 
shall be disposed of in deep water, in accordance 
with current instructions of NavOrd. 

11. A misfire becomes a hangfire when un¬ 
successful attempts have been made to fire the 
gun, or when a charge remains within a bag 
gun, with the possibility of ignition by an un¬ 
detected ember from a previous round fires the 
gun. 

DANGER —a bag type gun shall not be loaded 
until the gun captain has assured himself that 
the bore is clear of powder gases and remnants. 
A "bore clear" will be announced either by 
voice or approved hand signals before the bag 
type gun is loaded for firing. 
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CHAPTER 10 


BREECH MECHANISMS 


From the preceeding chapter you learned that 
the primary purpose of a breech mechanism is 
to seal off the rear end of a gun tube. In this 
chapter we explain the two classes of breech 
mechanisms — the interrupted-screw plug used 
with case type guns, and the sliding-wedge 
breechblock used with case type guns. 

All breech mechanisms must meet the fol¬ 
lowing requirements. 

1. Be capable of rapid opening and closing. 

2. Have a means to keep the propellent 
gasses in the gun chamber. 

3. Incorporate the essential parts of a firing 
mechanism. 

In our discussion of breech mechanisms we 
break down the above listed requirements in such 
a way that the reader will be able to explain the 
difference between the various types of breech 
mechanisms both hydraulically and mechanically 
operated, describe their gas check systems, and 
explain the operating cycle of both classes. The 
function and operation of firing cutout devices, 
the purpose and function of firing mechanisms, 
how to test firing cutout devices and the testing 
of firing circuits also are explained. We start 
this chapter by explaining the basic construction 
of the interrupted-screw breech mechanism. 


INTERRU PT ED-SC RE W 
BREECH MECHANISM 

The screw is a widely used device for securing 
something against a heavy thrust. Figure 10-1 
shows how a continuous screw closure might be 
used to seal the breech end of a metal tube to 
make a gun of it. Such a breech closure or plug 
would of course require unscrewing to open the 
breech after firing. The mass of such a device, 
designed to withstand the 40,000 psi gas pressure 
developed in a typical large-caliber cannon, 
would inevitably be considerable. (The breech 
plug of a 16-inch naval gun, for example, weighs 


about 1,400 pounds.) Turning such a screw through 
several revolutions would not be easy. 

Application of the principle of the interrupted 
screw reduces the number of turns required to 
a fraction of a revolution. If half the threaded 
area is removed from a bolt (representing the 
breech plug) and the nut (representing the breech 
or screw box), then it is possible to insert the 
bolt (1 and 2 in figure 10-2) and engage the two 
by turning the bolt 90° (3 in figure 10-2). 

The disadvantage of this straightforward ap¬ 
plication of the interrupted-screw principle is that 
half the threaded area must be removed, and this 
reduces the ’’holding power" by reducing the 
amount of thread area that can be engaged. This 
disadvantage is partly obviated by the Welin 
stepped-thread breech mechanism. In this ar¬ 
rangement, both plug and breech have steps. 
The steps are arranged in groups, with each 
group of four ascending (or descenging) steps 
occupying one 90° sector. On the plug (figure 10-3), 
the lowest step of each group is blank, and the 
others are threaded. On the breech screw box 
the highest step in each group is blank, and the 
others threaded. 



84.144.1 

Figure 10-1. —Principle of the interrupted-screw 
breech mechanism. Continuously threaded 
breech plug. 


395 


Digitized by ^.ooQle 




GUNNER'S MATE G 3 & 2 


THREADS 



CUT AWAY TO SHOW 
HOW THREADS ENGAGE 



(B) inserted (C) engaged 


threaded steps also clear each other in this 
position. 

2. When the plug is well into the screw box, 
but has not yet begun to rotate, a cam roller on 
the plug contacts a camway in the screw box. 
(View C shows how the plug must rotate to 
engage the screw box.) 

3. During the last part of its translation into 
the screw box, the plug's cam roller engages the 
camway and the plug turns so that the mating 
threads on box and plug engage. View D shows 
the breech closed, locked, and ready for firing. 

Notice the two great advantages of the Welin- 
type screw box and plug: 

1. About 75 percent of the engaging surfaces 
of plug and screw box are threaded. 

2. The plug requires only about 27.5 degrees 
of rotation for full engagement and locking. 

Compare these characteristics with the or¬ 
iginal bolt and nut, and you can see the improve¬ 
ment. 


84.144.2 

Figure 10-2. —Interrupted-screw bolt and nut. 


Welin-type breech mechanisms may have 
3, 4, or even 5 steps, counting the blank sectors. 
In most modern installations, the plug swings 
vertically up into the screw box (figure 10-5). 


Figure 10-4 shows how an obsolete 14-inch 
breech mechanism functions in closing. The 
principle is the same on present-day 8-inch 
and 16-inch bag guns, but in those ships the 
plug swings in a vertical arc (as in figure 
10-5) rather than a horizontal one. Note that 
there are two distinct motions of the plug in 
opening and closing —a translating movement 
in which the plug swings on a massive carrier 
hinged to the side of the breech, and a rotating 
motion in which the plug screws into the screw 
box. Both of these may occur together in the 
final stages of closing or the beginning of opening. 

Now follow the breech-closing action as il¬ 
lustrated in figure 10-4: 

1. From its open position, the plug swings 
around toward the screw box. As the plug moves 
in, each high threaded step of the plug fits into 
a low blank step of the screw box (view B). 
The high threaded steps on the screw box fit 
into the low blank sectors of the plug. The other 



84.144.3 

Figure 10-3. — Stepped-thread plug (Welin type). 
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80.213 

Figure 10-4. —Interrupted-screw breech mechanism. Steps in closing. 


Because of the large size of the guns on which 
they are generally found, interrupted-screw plugs 
are too heavy for unassisted operation by hand. 
(As noted above, on a 16-inch gun the plug 
may weigh as much as 1,400 pounds.) Interrupted- 
screw mechanisms for these large guns are there¬ 
fore generally fitted with air- or spring-powered 
devices to aid the gun crew in operating them. 

The discussion of the interrupted-screw type 
breech mechanism so far has concentrated on the 


principles of operation of the engaging parts — the 
plug and screw box. There remains one other 
important function for this type of breech mech¬ 
anism to perform. Besides withstanding the brute 
thrust of the high-pressure propellent gas in 
the chamber during firing, it must also prevent 
leakage of the burning, toxic gas into the turret 
or mount. It does this by means of an obturator 
or sealing device —the DeBange gas-check sys¬ 
tem. 
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80.214(84A) 

Figure 10-5. — Interrupted-screw type breech 
(16-inch). 


DE BANGE GAS 
CHECK SYSTEM 

The DeBange gas-check system is used in all 
United States Navy bag guns. Its main parts are 
the mushroom, gas check pad, split rings, and 
gas check seat. Figure 10-6 shows a typical 
gas-check assembly. 

The biggest component is the mushroom (in 
a 16-inch gun it weighs 220 pounds) which consists 
of a large flat steel stem extending through a hole 
in the plug and protruding from its rear face. 
Through the center of the stem and head passes 


a hole called the primer vent. The primer fits in 
a primer chamber in the after end of the mush¬ 
room stem. (The primer vent does for the modern 
bag gun what the touch hole did for its ancient 
counterpart.) 

Between the mushroom head and the forward 
face of the breech plug, and bearing aginst a 
smooth section of the breech chamber called the 
gas-check seat, is the gas-check pad. This is a 
thick, flat, resilient, doughnut-shaped disc of 
plastic, whose outer and inner edges are pro¬ 
tected from wear by steel split rings. The sys¬ 
tem works this way: 


1. When the gun is loaded and the breech plug 
is closed, the ignition charge in the powder bag 
(not shown in figure 10-6) touches the mushroom 
head. (The ignition charge is composed of black 
powder.) 

2. The primer is in the primer chamber. When 
the gun is fired, the primer goes off, sending a 
hot flame down the vent in the mushroom stem. 
That ignites the black powder ignition charge, 
which in turn sets off the smokeless powder, 
which comprises the bulk of the propelling 
charge. 

3. As the powder burns, the expanding gases 
push hard against all sides of the breech chamber, 
the projectile, and the mushroom head. The only 
thing that can yield is the projectile, which 
begins to move up the gun bore. 

Meantime the pressure goes higher and high¬ 
er—up to 40,000 —psi until the projectile is 
fully under way, when the pressure tapers off. 

4. As the pressure increases, it forces the 
mushroom head hard back against the gas-check 
pad. The pad expands against the gas-check seat, 
effectively sealing the breech against the escape 
of gas. And note this feature of the device —the 
greater the gas pressure, the harder the mush¬ 
room compresses the pad against the gas-check 
seat. 

16-inch Breech Mechanism 

The principal parts of the breech mechanism 
shown in figure 10-7 include: 

1. Welin plug and gas seal 

2. Mushroom and gas-check pad 

3. Carrier and associated equipment 

4. Opening buffer; and 

5. Operating lever and salvo latch 
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84.155 

Figure 10-6. — The DeBange gas-check system. A. Exploded view. B. Installed position, 

cross section view. 


Welin Plug And 
Gas Seal 

The plug rotates 29° to lock to the screw-box 
liner. The design of the blank sectors permits 
the two plug-rotating cams to rotate the plug 
slightly over 6 degrees before the threads engage 
while the breech is closing. The cam action 
assists in obtaining a smooth transition between 
plug translation and rotation. 

Mushroom And 
Gas-Check Pad 

The mushroom and gas-check pad are the 
conventional DeBange type shown in figure 10-6. 


An indication of the mushrrom size is that its 
weight is over 220 pounds. 

The plug is mounted on the carrier as shown 
in figure 10-7. The threads on the carrier journal 
and in the plug recess have a pitch of 0.9 inch. 
This means that the plug will move aft 0.9 inch 
per counterclockwise revolution. Since the plug 
is unlocked by a rotation of 29°, it is evident 
that it will move aft on the carrier journal about 
0.1 inch when the breech is opened. If the gas- 
check pad is stuck to the seating surf ace, the plug 
will pull away from the back of the pad and the 
compressed spring around the mushroom stem 
will tend to force the mushroom nut, and hence 
the pad, aft. This force ordinarily breaks the 
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seal; but if it does not, the continued rearward 
movement of the plug separates the pad from its 
seat. 

Carrier And Associated 
Equipment 

The plug and carrier, which have a combined 
weight of about 2,000 pounds, swing about a pivot 
supported by the hinge lug secured to the gun. 
The plug is locked in the open position by a 
holding-down latch until it is released by a foot 
crank near the loading platform. 

Opening Buffer 

The opening buffer functions to bring the down¬ 
ward movement of the carrier to a stop without 
shock. In construction and operation it is similar 
to a grooved-wall type of recoil brake. The coun¬ 
terbalance and closing cylinders are a combina¬ 
tion of spring and pneumatic mechanisms which 
function to balance and check the weight of the 
breech assembly in opening and to furnish assist¬ 
ance in closing the breech. The cylinders receive 
their air supply from the gas-ejector system after 
the pressure has been reduced from 200 to about 
40 psi. The counter-balance springs are so ad¬ 
justed that the breech mechanism will swing down 
and latch without a jarring stop or rebound. The 
air pressure in the cylinders is set so that, when 
the air valve is opened by the gun captain, the 
breech will close and swing the operating lever 
nearly home. The swing of the lever is always 
completed by hand. 

OPERATING LEVER AND SALVO LATCH.— 
The operating lever is pivoted on the carrier and 
is connected to the plug by means of the con¬ 
necting rod which extends from a pivot on the 
lever to a pin on the breech-plug rear face. 
Motion of the operating lever about its fulcrum 
as it is pulled aft causes the connecting rod 
to rotate the plug and unlock it from the screw- 
box liner. A beveled, spring-loaded plunger in the 
end of the lever engages the operating-lever 
latch when the breech is fully closed. The swing 
of the operating lever is stopped by the op¬ 
erating-lever buffer, which is similar to the 
opening buffer. 

The salvo latch is an automatic latching device 
of the positive action type. It functions to prevent 
lifting of the operating-lever latch when the 
breech is closed until after the gun has fired. 
It releases the lever latch as the gun recoils* so 


that it may be lifted subsequently. Figure 10-8 
shows the assembled arrangement. 

The roller support bracket and roUer are 
mounted on the counter recoil cylinder. They 
are the only parts of the salvo latch assembly 
which do not recoil. As the gun recoils, the salvo- 
latch lever moves past the roUer, and is rotated 
by it. This turns the shaft and the salvo-latch 
locking arm. The locking arm is caught and held 
in its displaced position by a latch catch (not 
shown in the figure). This action also holds 
the salvo-latch lever in its displaced position. 
The locking arm is thus held out of the way 
of the lug on the latch sleeve. The operating- 
lever latch, being integral with the latch sleeve, 
can now be raised against spring pressure to 
release the breech-operating lever. 

After the gun has returned to battery, the 
plugman opens the breech. His action of raising 
the operating-lever latch rotates the sleeve 
and depresses the latch catch, so that the locking 
arm springs back to its locking position. Then, 
when the breech is closed, the operating lever 
slides under the operating-lever latch, where 
it is caught and held. 

For drills the salve latch is secured in its 
unlocked position, so that the habit of manually 
unlocking the salvo latch will not be formed. This 
is accomplished by screwing the latch locking 
pin in hole B. The pin holds the salvo-latch 
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locking arm in its displaced position. At all 
times, ’’the pin” for "it” must be kept in the 
turret officer’s booth. 


SLIDING-WEDGE 

BREECHBLOCK 

This type of breech mechanism doesn't plug 
the breech opening; it blocks it off. Sliding-wedge 
breechblocks, which move vertically are used 
with case type guns that employ either fixed 
or semifixed ammunition. Bag ammunition is 
never used in guns with sliding-wedge breech¬ 
blocks. The sliding-wedge breech mechanism is 
sturdy enough to withstand the gas pressure built 
up within the chambers of large caliber guns 
but would leak badly if used with powder bags. 
The largest case type gun that uses a sliding- 
wedge breechblock is the 8-inch RF turret system. 

In figure 10-9 you see in simplified form the 
elements of a sliding-wedge breech mechanism 
as it looks from the side, with the breechblock 
or plug in the lowered (open) position. The 
dotted outline represents the breechblock in its 
raised (closed) position. If you look carefully 
you'll notice that the grooves in which the plug 
slides up and down are not exactly vertical; 
they're slanted slightly forward. You can see 
that in its open position the plug is noticeably 
aft of its closed position. In other words, in 



84.145 

Figure 10-9. —Principle of the sliding wedge 
breechblock. 


rising to the closed position, the breechblock 
moves forward as well as upward. 

The effect of the breechblock's forward move¬ 
ment as it closes is to wedge the cartridge 
case into the gun chamber (hence the name 
sliding-wedge breech mechanism). Wedging the 
cartridge case clamps it in place and improves 
gas seal. 

Guns using case ammunition use the expan¬ 
sion gas-check system. The major part of this 
system is the cartridge case itself. To under¬ 
stand this system look at figure 10-10. Suppose 
your gun had a sliding wedge type breech as 
shown, but you had only bag type propelling 
charge to load into it. What would happen if 
you loaded a projectile, followed it with a bag 
of powder, closed the breech, and fired? 

The breech plug might or might not hold. 
The projectile might leave the muzzle, but 
maybe not. One thing you can be certain of: 
your gun room would be full of burning, asphyx¬ 
iating gas. It would escape from the chamber 
through the opening between the rear of the gun 
housing and the face of the plug. The answer: 
put the propelling charge in a metal case. 

The cartridge case will seal the entire length 
of the chamber, and the space between the housing 
and the breech plug. When the propellant is 
ignited, the powder gases expand the cartridge 
case against the wall of the chamber and the 
breechblock. The gas can only escape forward, 
driving the projectile out the bore. 

But there is a new problem, one that doesn't 
exist in bag guns. After firing, the propellant 
and silk bag have turned to gas, and the pro- 



84.156 

Figure 10-10.—Sealing the breech by expansion. 
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Figure 10-11. —Schematic of case extraction. 


jectile has left the muzzle. But in case guns, 
the cartridge case has done neither. Getting 
the case out of the chamber is a job for the 
extractors. 

Extractor operation is shown in figure 10-11. 
Only one extractor is shown; there is another 
on the opposite side. The extractors have lips 
which fit in front of the rim on the cartridge 
case. When the breechblock is up, the tops of 
the extractors are forward, and the bottoms 
(which have a lug riding in a breechblock cam¬ 
way) are aft. When the breechblock drops, the 
bottom of the extractor is cammed forward. 
This causes the top of the extractor to move 
aft, flipping the cartridge case out of the gun 
chamber. 

The main purpose of all extractors is to 
extract the empty case. They differ in design, 
however, from one type of gun to another. You 
will study three types of extractors in the re¬ 
mainder of this chapter. 
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Figure 10-12. — Breech operating mechanism (5"/38). 


403 


Digitized by LjOOQle 




















GUNNER’S MATE G 3 & 2 


BREECH OPERATING 
MECHANISM (5"/38) 

Figure 10-12 shows the basic components of 
the breech operating mechanism as you would 
see them if the slide and housing were clear 
glass instead of steel. The breechblock is closed. 
Under the breechblock and linked to it is the 
operating shaft, which is coupled to the operating 
spring. 

The right end of the operating shaft is linked 
to the hand operating lever on the right side of 
the slide. At the left end of the operating shaft 
are the operating shaft crank, and the operating 
shaft cam plate. 

NOTE: We are looking at a single mount here. 
The right-hand gun of a twin mount is set up 
similarly, but most parts are of opposite hand. 

A crank arm on the operating shaft is linked 
to the breechblock by two bearing blocks (not 
visible in fig. 10-12) that slide in ways in the 
breechblock. When the arm rotates, the breech¬ 
block moves up or down (depending on direction 
of rotation) in the breechway. The shaft ro¬ 
tates to lower the block either when the hand 
operating lever on its right is operated while 
the gun is in battery, or when the crank on its 
left end is cammed by an operating shaft cam 
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84.159 

Figure 10-13. —Motions of breech mechanism 
components (5”/38). 


plate as the housing returns to battery after 
firing. In either case, this rotation compresses 
the operating spring, which is linked to the 
operating shaft by a chain. The extractors lock 
the block down until the cartridge case being 
rammed into the chamber pulls them forward 
(or they may be unlocked manually be a special 
tool). In either case, spring thrust pulls the 
block up, and it is locked closed by the salvo 
latch (figs. 10-13 and 10-18). 

All these movements can be traced out in figure 
10-13. The operating spring pulls (arrow No. 1), 
the saft turns (2), the breechblock rises (3), 
and the extractors are cammed by the inner 
lug slot in the block (4). All these movements, 
naturally, reverse when the shaft is turned (either 
automatically or by the hand operating lever) in 
the opposite direction. The cam plate has been 
omitted from figure 10-13 for clarity. 

Now let's follow the functioning cycle of the 
mechanism. As we watch it go through its paces, 
we'll look first at the breechblock and extractors. 

FUNCTIONING OF BREECHBLOCK 
AND EXTRACTORS (5"/38 
BREECH MECHANISM) 

Let's begin with the breech open. The breech¬ 
block is locked down and the operating shaft crank 
is under the cam plate. Figure 10-14 shows this 
condition. 

For the moment, disregard the rammer spade 
and cartridge case in the figure, but notice how 
the extractors (only one is shown) lock the breech¬ 
block down. The breechblock is constantly under 
the upward thrust of the breech operating spring 
(working through the operating shaft). Each ex¬ 
tractor has at its bottom two cylindrical lugs. 
The outer lug (fig. 10-14A) is under the constant 
forward thrust of a spring-loaded plunger (not 
shown). As the extractor works back and forth, 
this outer lug oscillates in a small arc in a 
kedney-shaped slot in the housing, sketched in 
fig. 10-14C. The inner lug (dotted circle) engages 
a long camming slot in the breechblock. At 
the top of the slot is a small flat-topped pallet 
of haredened metal. When the breechblock is in 
open (down) position, its upward thrust forces 
the pallets against the inner lugs of the extractors. 
Both because the pallet tops are flat, and because 
of the plunger spring forward thrust on the outer 
lugs, the inner lug of each extractor remains 
seated on its pallet, locking the breechblock down 
so long as the extractors are otherwise undis¬ 
turbed. 
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POWDER CASE RIM 
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Figure 10-14. — 5"/38 breech mechanism; breechblock and extractor action. A. Powder case rim 
engaging extractor lip; breechblock open. B. Powder; case rammed; breechblock rising to wedge 
case. C. Breechblock in closed position; ready to fire. D. Breech opening; beginning of extraction. 
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Now let's put the rammer spade and powder 
case back into the picture. The rammer pushes 
the case forward. The powder case rim pulls 
the extractors forward. This disengages the ex¬ 
tractor inner lugs from the pallets. The breech¬ 
block unlocks, and begins to rise. Figure 10-14B 
shows the breechblock up about halfway, pushing 
the rammer spade up, and the extractors rocking 
forward. 

In figure 10-14C the breechblock has closed 
and locked, and the gun is ready to fire. The 
extractor lip is fully forward, nested in its 
cavity in the housing. The rammer spade is pushed 
all the way up. 

Between figures 10-14C and 10-14D the gun has 
fired. The housing and gun barrel have moved 
aft in recoil, and have almost completed their 
forward (counterrecoil) movement to battery. 
The breechblock automatically begins to move 
downward, and the inner lug slot pushes the 
extractor inner lug forward. As a result, the 
extractor lip begins to rock backward, pulling 
the cartridge case rim with it. Arrows show 
how the various parts move. The extractors 
flip the cartridge case to the rear. When the 
block is fully down, the extractor inner lugs 
lock against the pallets, holding the block open, 
as it was at the start of the cycle. 

FUNCTIONING OF CAM PLATE 
AND SHAFT CRANK (5"/38 
BREECH MECHANISM) 

Now let's follow the other parts of the breech 
mechanism during this cycle. We've already 
seen that the breechblock is lifted automatically 
whenever the extractors' upper ends are pushed 
forward. The breech operating spring does this 
by rotating the operating shaft. The block is 
lowered by action of the operating shaft cam 
plate. This is a spring-loaded flat plate hinged 
to the inner surface of the left side of the slide. 
Figure 10-15 shows the housing moving forward 
in counterrecoil. The breechblock is up, as 
shown by the erect position of the operating 
shaft crank. When the lug on the crank meets 
the cam plate, it forces the crank to rotate. 
This moves the block down, operating the ex¬ 
tractors, and causing them to lock the block 
open. 

In recoil movement the lug merely pushes 
the cam plate back against its spring as it goes 
by, and the crank does not turn. 

Note that the cam plate functions only to 
open the breech during counter recoil. It does 


not hold the breech open; the extractors do that. 
A clearance cut in the inner side of the cam 
plate allows the crank to turn when the breech¬ 
block rises while the housing is in battery. 

A cam plate retractor just under the slide 
can be set to "s" (single fire) to hold the cam 
plate against the slide so that it will not cam 
the breech open as the housing counterrecoils. 
This is necessary if some mechanical failure 
(such as a broken operating spring or chain) 
makes it inadvisable to have the breechblock 
open automatically. The cam plate retractor 
normally is set at "A" (automatic), where it 
functions to operate the breech mechanism in 
the way described. 

Hand Operation 

There are times when you operate the'5"/38 
breech mechanism by hand. You do that when 
something goes wrong—if the operating spring 
or chain should break, for instance. And there 
are routine occasions for hand operation too — 
when you open the breech for the first round to 
be fired, and for inspection, cleaning, or bore¬ 
sighting. You use the hand operating lever, which 
will raise or lower the plug when the gun 
is in battery. Pulling the lever to the rear 
opens the plug. 

CAUTION: After you've opened the breech, 
return the lever to breech closed (stowed) posi¬ 
tion where it is locked in place by the lever 
latch. If the lever is left to the rear, the rising 
breechblock will make it slam forward, and 
this can be rough on any part of your anatomy 
that may be in its path. 

To see its working parts, look at figure 10-16 
which shows the hand operating linkage as it is 
mounted on the right side of the slide, and in 
particular shows in detail the sliding latch, the 
lever that sets the sliding latch, the operating 
shaft crank on the operating shaft, and the hand 
operating crank which is part of the latch bell 
crank. 

When you pull the hand lever back (to lower 
the breechblock) the link moves down (arrow A), 
and turns the latch crank and the hand operating 
crank (arrow B). The crank in turn pushes the 
operating shaft crank in the same direction 
(arrow C), thus lowering the block. Once the 
block is down, the extractors lock it open. 

When you return the hand operating lever to 
stowed position, the hand operating crank doesn't 
engage anything, and the linkage moves in ' 'free 
wheeling." 
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Figure 10-15. —5"/38 breech mechanism. Cam plate and operating shaft crank action during recoil. 


The hand operating lever is adequate for 
routing opening of the breech for the initial 
round, boresighting, inspection, etc. However, 
there are times when the breech must be not 
only opened but closed by hand. That’s an emer¬ 
gency measure, which might be caused by failure 
of the operating spring, for example. To do this 
you set a sliding latch—a small metal block in 
the hand operating crank at the right end of the 
operating shaft. Figure 10-17A shows the latch, 
and the lever used for operating it, with the 
latch disengaged. Arrow 1 shows how the op¬ 
erating shaft moves in breech opening. Figure 
10-17B shows the sliging latch engaged, and 
arrows 2 show how the hand operating linkage 
and the operating shaft turn when the breech¬ 
block is raised by the hand lever. 


THE SALVO LATCH 

Once in a while when a gun is fired, the 
propelling charge for one reason or another 
fails to burn. If it is a complete dud you have a 
MISFIRE. If it fires after a lapse of a few 
seconds or minutes, you have a HANGFIRE. 

A misfire is a nuisance, but a hangfire is a 
killer. The worst of it is that for the first few 
minutes nobody can tell the difference between 
them. If it is a misfire you have to remove 
the defective propelling charge and load another. 
But if its a hangfire, it might explode while 
you're removing it. 

There is a way out of this dilemma. You 
WAIT. After a specified period (which varies 
for different weapons), 30 minutes — peacetime 
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Figure 10-16. —5"/38 breech mechanism. Hand operating linkage. 
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Figure 10-17. — 5"/38 breech mechanism. 
Function of sliding latch in hand operating 
mechanism. 

for 3" and 5" guns, it is considered safe to 
open the breech and remove the propelling 
charge. 

The procedure is fairly well cut and dried 
for single guns, or for guns firing individually. 
But when two or three guns are firing in salvo, 
and one fails to fire, it might go unnoticed. 
Suppose that does happen. The gun crew, thinking 
the gun has fired, falls to and opens the breech. 
Inside, a hangfire is in progress. Before the 
breech can be closed again . . . ; but why spell 
it out? It has happened, and at least once a 
whole turret crew was wiped out. 

That's where the salvo latch comes in. The 
salvo latch is a device which prevents the un¬ 
intentional opening of the breech, after the gun 
is loaded, but before it has been fired. The 
salvo latch can be opened, of course, but always 
with the full realization of the potential danger — 
never as a routine. 

The design used on 5"/38 breech mechanisms 
is automatically opened by camming action when 
the housing recoils. 

The salvo latch (fig. 10-18) is aspring-loaded 
assembly mounted under the operating shaft in 
the housing. As shown in figure 10-18A its 
catch engages a shaft locking lug in the opera¬ 
ting shaft crank when the breech is closed, 
and prevents the crank's rotation. But as the 
housing moves in recoil (white arrow in fig. 
10-18A and B) the salvo latch lug is forced down¬ 
ward by a cam in the slide, and the catch 
(which is also spring-loaded) springs in under 
the crank lug so that it cannot engage the lug. 
The breech is now free to open in counter recoil; 
or it can be opened by the hand operating lever 


if the operating shaft cam plate is retracted for 
single fire. 

To open by hand, pull the salvo latch down 
until its catch snaps in under the operating crank 
shaft lug. The breechblock can then be lowered. 
But it shouldn't be necessary to remind you 
NEVER to disengage the salvo latch as a routine 
between rounds, except for prescribed misfire 
procedure. For drill purposes only, the latch 
may be locked open so that it won't function. 
Otherwise, it may be disengaged manually only 
when the breech is opened for loading the first 
round, for inspection, or for maintenance. 

BREECH OPERATING 
MECHANISM (3"/50 RF) 

The breech mechanism used on 3"/50 RF 
mounts resembles in many ways the 5"/38 
mechanism just discussed. It is a sliding wedge 
type breech. A salvo latch locks the breech 
closed, unlocking it on recoil. The breechblock 
is lowered in counterrecoil by a cam plate. 
Breech lowering action causes empty case ex¬ 
traction. The hand operating mechanism is even 
simpler than that of the 5"/38, as here it operates 
only to lower the breechblock. Because of these 
similarities we will not go through these actions 
again. There are however, difference between the 
two mechanisms. 

The major difference between the 5"/38 
breech mechanism and the 3"/50 RF is that the 
latter is synchronized (and sequenced) with an 
electrically driven automatic loader. For obvious 
safety reasons, this means that for the breech 
mechanism to do its job properly, the automatic 
loader must be operating correctly, and vice 
versa. 

We will not discuss all the mechanical and 
electrical connections between loader and breech, 
but will show you the principal parts and discuss 
their relationship. 

Features of a 3"/50 RF breech operating 
mechanism, not found on the 5"/38 and earlier 
3"/50 SF mounts are: 

1. A breech holddown mechanism. This de¬ 
vice latches the breechblock down until a round 
is rammed into the chamber. This permits the 
extractors to be "freewheeling" during loading 
and be more efficient in their primary job of 
empty case extraction. 

2. A breech interlock mechanism. This device 
consists of a set of mechanical and electrical in¬ 
terlocks which prevent loading cycles from hap¬ 
pening until safety conditions are met. 
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Figure 10-18. —5"/38 breech mechanism, salvo latch functioning. 


Breech Holddown 
Mechanism 

The older slow fire 3”/50, like the 5"/38, 
uses the inner lugs of the extractors to hold the 


breechblock down until a round of ammunition, 
being loaded, rocks them off the breechblock 
pallets. When loading by hand or using the 
5"/38 power rammer, the resistance offered 
by the extractors is negligible. In the 3"/50 
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RF, however, the round of ammunition is not 
rammed all the way into the chamber. It is 
catapulted by a ramming chain only so far, and 
momentum carries it the rest of the way. 

This means that any resistance (such as that 
offered by extractors) to the round after being 
turned loose by the ramming chain would seri¬ 
ously affect its forward motion. So, to relieve 
the extractors of their secondary job (holding 
the breechblock down) and to make the gun truly 
rapid fire, the holddown device is used. In 
figure 10-19 you can see what this device looks 
like in the gun and how it is unlocked. 

Let's follow the actions of the holddown by 
going through a complete breech mechanism 
cycle. 

In figure 10-19A the breechblock is in its 
FULL DOWN position. The operating shaft (under 
spring pressure) is kept from rotating by the 
holddown lever. In this position the breechblock 
pallets are about an inch below the inner lugs of 
the extractors. 

In figure 10-19B a round is being catapulted 
into the gun chamber. The loader's right front 
tray arm is swinging downward. 

In figure 10-19C you see a pin on the tray 
arm pushing downward on the rear of the hold¬ 
down latch lever. This causes the front end of 
the latch lever to rise. The holddown lever, which 
has been locked by a notch in the latch lever, 
is released. While the holddown lever is unlocked, 
it has not yet been moved to release the operating 
shaft crank. For this action look at figure 10-20. 

In figure 10-20, a round of ammunition has 
swept across the top of the breechblock, engaging 
the lips of the extractors and carrying them for¬ 
ward. This rocks the extractors, thrusting their 
bottoms to the rear. The right extractor thrusts 
its push rod rearward (fig. 10-20A and B). 

The transfer lever is rotated, and through 
its push rod pushes the holddown lever off the 
operating shaft crank lug. The operating shaft 
is released and the operating spring rotates it, 
starting the breechblock upward. 

As the cartridge case was loaded it cammed 
the shell lock upward. As the cartridge case 
seats itself the shell lock drops down, holding 
the case in the chamber until the breechblock 
can close behind it. 

Before going on with the cycle (firing, breech 
lowering, and case extraction), let's have a 
closer look at the extractor during the breech 
closing movements. The extractor camming 
grooves here are not fixed as in the 5"/38 
breechblock. Instead the grooves are made var¬ 
iable as to width by a latch and pawl arrange¬ 


ment. The top of the groove is wide when the 
breechblock is down waiting for a round to be 
loaded (fig. 10-20A). This gives free movement 
to the extractors, the only restriction to their 
movement being the relatively slight resistance 
of the holddown lever. Now as the breechblock 
rises (fig. 10-20C), inner lugs on the extractors 
force the lower ends of the extractor latches to 
the rear. This moves the upper ends of the 
latches forward until they are engaged by small 
pawls which lock them in the position (fig. 10- 20D). 
The camming grooves are narrow, and conven¬ 
tional in shape. When the breechblock lowers, the 
latches provide fixed camming surfaces to the 
extractor's inner lugs, rotating them and extract¬ 
ing the empty case. 

Breech opening starts after the gun has 
fired, recoiled, and then started to counterre¬ 
coil. As with the 5"/38, a breech opening cam 
contacts a lug on the operating shaft, rotating it 
and starting the breech lowering action. (See 
fig. 10-21 A). 

While tiie breechblock is dropping, extrac¬ 
tion commences. The latches are locked for¬ 
ward by their pawls (fig. 10-21B). As the ex¬ 
tractor's outer lugs are cammed forward by the 
latches camming surfaces, the extractors rock 
clockwise, flipping the empty case to the rear. 

As the block lowers, the latches, of course, 
move down with it. As the pawls pass over the 
extractor's inner lugs they are pushed upward, 
releasing the latches (fig. 10-21C). With the 
latches released, we are assured that the cam¬ 
ming action just described won't function in re¬ 
verse as the block starts to rise in the next 
loading cycle. 

When the gun has fully returned to battery, 
the operating shaft rotates slightly as in figure 
10-21D. The breechblock comes up until the 
operating shaft crank lug engages the roller on 
the holddown lever, as it was when the cycle 
started. 

Hand Operation 

Opening the breech is simply a matter of 
unlocking the salvo latch and pulling the hand 
operating lever to the rear. Be sure to pull the 
operating lever down as far as it will go. If the 
breechblock isn't hauled down far enough be¬ 
fore you release it, the block may be engaged 
by the extractors (the inner lugs of the extrac¬ 
tors bearing against the pallets of the breech¬ 
block), instead of engaging the holddown lever 
with the operating shaft. The automatic loader 
is interlocked with a breechblock down switch 
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Figure 10-19. —Breech holddown mechanism. 
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Figure 10-19. —Breech holddown mechanism —Continued. 
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Figure 10-20. — 3"/50 breech mechanism functioning cycle-breech closing. A. Shell lock and 
extractor actions. B. Holddown lever release. C,D. Latch and pawl actions as breechblock closes. 


to prevent cycling unless the plug is all the way 
down. If this switch did not function properly 
however, a round would be catapulted into "stiff- 


Routine closing of the breech on an empty 
chamber is done like this: 

1. Haul down on the hand operating lever 


legged" extractors, and would come rebounding all the way. 


out your empty case chute, base first, across 
the deck. 


2. Pull down on the holddown latch lever 
tripping handle. This takes the place of right 
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Figure 10-21. — 3"/50 breech mechanism functioning cycle-breech opening. A. Breech being 
cammed open. B,C. Extractor, pawl, and latch actions. D. Breech open. 
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front tray arm action in unlocking the holddown 
lever. 

3. Trip the extractors by pushing them for¬ 
ward with a breech closing tool. 

4. Ease up on the hand operating lever, 
permitting the block to rise slowly. Release 
the lever a couple of inches from its stowed 
position, allowing the breech closing spring to 
snap the plug to its full UP position. 

THE BREECH INTERLOCK 
MECHANISM 

The breech interlock mechanism is one of 
several devices on the 3"/50 RF whose actions 
affect the operation of the automatic loader. 
Since it is located at, and depends upon the 
proper actions of, the breech mechanism, it is 
worth a brief study here. 

The purpose of the breech interlock mecha¬ 
nism is to prevent the start of a loading cycle 
until: 

1. The breechblock is down. 

2. The empty case is out of the chamber, and 

3. The gun is out of battery more than 3/32 
inch. 

The reasons for not cycling a new round into 
the breech while the breech is up or until the 
empty case has been extracted are obvious. It 
would be hard on ammunition, to say the least. 
As for the third condition, cycling the loader 
while the gun is out of battery would cause the 
tray to be slammed down on the breech housing. 

In figure 10-22 you see the arrangement of the 
breech interlock mechanism as used on 3-inch 
loaders Mk 2 Mods 4, 6, 8, 9, and 10. Other 
mods of Mk 2 loaders have slightly different 
arrangements; but the one illustrated is the 
most common, and has the basic components and 
actions of all breech interlock mechanisms. 

First, a little background. Although the loader 
motor runs continuously, a cycle cannot start 
until the motor's output is connected to the 
loader drive unit by engaging a clutch. Under 
normal conditions the clutch is engaged when 
the firing key is closed. But when any of the three 
unsafe conditions (mentioned earlier) exist, the 
breech interlock mechanism moves to physically 
block any engagement of the clutch. 

The three main parts of the breech interlock 
mechanism are the bore clear latch lever, the 
cam lever, and the breechblock itself. 

The latch lever is pivoted near its center. 
At the top, it is connected to linkage which will 


block the engagement of the loader drive clutch. 
At its lower end the latch lever protrudes into 
the face of the chamber. When a round is 
in the chamber, the latch lever is cammed 



3"/50 RF. 
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to the left, moving linkage to stop a cycle, as 
already discussed. 

Notice that the bore clear latch lever also 
has a small pin protruding from its lower arm. 
This pin rides in a camming groove machined 
into the face of the breechblock. When the 
block is down, the latch lever is free to move 
over into the face of the chamber. If all other 
conditions are satisfactory, a cycle can be 
started. When the breechblock is up, however, 
it cams the latch lever clockwise, causing the 
interlock linkage to move up, blocking a new 
cycle. 

Preventing a cycle from starting while the 
gun is out of battery is the job of the cam lever. 
The lever is attached to a nonrecoiling member 
of the slide. A cam mounted on the recoiling 
housing forces the cam lever counterclockwise 
whenever the gun is more than a fraction of an 
inch out of battery. In such a case, the cam 
lever moves the linkage to block the start of any 
new cycle. 

The breech interlock mechanism is designed 
to clear itself (return to its normal position 
after a round has been fired) by the recoil and 
counterrecoil movements of the gun. For the 
initial loading cycle, however (after the breech 
has been dropped manually), the mechanism is 
cleared by a hand reset lever. 

THE BREECH OPERATING 
SYSTEM FOR 5"/54 MK 42 
MOUNTS 

The devices and their actions used on 5 M /54 
Mk 42 mounts for breechblock operation and 
case extraction represent the latest develop¬ 
ment in gun breech design in the fleet today. It 
is given the name system (rather than just 
mechanism) because the breechblock, extrac¬ 
tors, and firing mechanism are essentially one 
large interlocked system, operated as a unit 
electrically, mechanically, and hydraulically. 

Figure 10-23 shows how the major parts of 
the breech operating system are arranged at 
the breech end of the gun. The extractors are 
not shown but we will study them later. The 
breechblock is in a raised position —driven 
there by a hydraulically operated piston through 
the clevis link, a three-cornered pivot link, and 
a connector link. The firing mechanism per¬ 
mits both electrical and percussion firing. It 
is cocked by the sear holding the percussion 
firing spring compressed. The firing pin itself 
is protruding through the face of breechblock 
(with the contact spring holding it there) ready 


for electrical firing. When the breechblock is 
lowered, the cocking bar will be shoved upward, 
retracting the firing pin. 

Breech Raising And 
Lowering Cycle 

Actions during the breech operating cycles 
can be seen in figure 10-24. These are simp¬ 
lified schematics in which, for a clearer under¬ 
standing, some valves and linkages have purposely 
been left out of the picture. A complete rundown 
on this breech's operation can be found in OP 
1764, Vol. 9, chapter 18. 

In figure 10-24A the breechblock is in a down 
position. The breechblock operating piston has 
1500 psi working on both faces of its piston, 
keeping it stationary. The 1500 psi comes from 
selector valve VW3 in the control valve block. 

. As a round is rammed into the chamber, a 
yoke on the rammer spade strikes the upper 
end of a pivoted lever, causing it to rotate 
counterclockwise. (See figure 10-24B.) As the 
lever rotates, it pulls the control valve, VW2, 
in the main valve block upward. A spring- 
loaded plunger engages a detent groove in VW2's 
valve stem, keeping the control valve in the up 
position during the following actions. 
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Figure 10-23. — 5"/54 Mk 42 breechblock 
operating system. 
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Figure 10-24. —Operating cycle 5'754 Mk 42 breech operating system. A. System at rest. 
B. Breech raising cycle. C. Breech lowering cycle. 
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In figure 10-24B you can see that VW2 has 
been lifted far enough to cut off all flow of 1500 
psi through the main valve block. Sixty psi 
however, is opened to the right-hand chamber 
of the breechblock operating piston. The left- 
hand side of the breechblock operating piston, 
PW1, is stiU being acted upon by 1500 psi from 
the control valve block. The forces which have 
been holding PW1 balanced are now unequal, and 
the breechblock operating piston is forced to the 
right. Through the operating linkage, the breech¬ 
block is pushed up behind the round of ammuni¬ 
tion. All other conditions being safely met, the 
gun fires. 

As the gun moves aft in recoil, a roller on 
the selector valve is cammed down by a sloping 
surface fixed to the nonrecoiling slide (fig. 
10-24C) action reverses the hydraulic circuits 
of the breechblock operating system. 

A breechblock lowering cycle (fig. 10-24C) 
commences when the selector valve VW3 moves 
downward. High pressure (1500 psi) now enters 
the system through the upper land chamber of 
VW3, on through VW2, and into the right-hand 
side of the breechblock operating piston PW1. 
At the same time, the left-hand side of PW1 has 
been ported to low pressure through the lower 
land chamber of the selector valve VW3. The 
strongest pressure is now acting on the right- 
hand side of PW1, and it moves left. This causes 
the operating linkage to move (as indicated by 
the arrows), and the breechblock lowers. 

Empty Case 
Extraction 

Empty case extraction begins during the last 
fraction of an inch of recoil movement, and 
coincides with the end of the breechblock lower 
stroke. In figure 10-25 you can see some of 
the extraction devices and actions. 

As the breechblock reaches its DOWN posi¬ 
tion it contacts an extractor control valve VW1. 
(Before this contact was made, VW1 was UP, 
preventing high pressure oil from reaching the 
top of the extractor operating piston PW2.) As 
the breechblock pushes the extractor control 
valve downward, high pressure oil is ported 
through its center land chamber to the top of 
PW2. Following the actions indicated by the 
arrows, you can see that the extractor linkage 
pulls the top of the extractors forward, flipping 
the bottoms aft. This extracts the empty case. 

The extractors retract during the final move¬ 
ment of the gun back into battery. When the 
cam surface of the slide permits the selec- 
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Figure 10-25. — Extractor action (5 n /54 Mk 42). 


tor valve VW3 (fig. 10-24) to rise, the hydraulic 
circuits are reversed once again. High pres¬ 
sure to the extractor control valve is cut off 
and PW2 (under spring pressure) jumps upward. 
This causes the extractors to retract. 

FIRING SYSTEM 

The firing mechanism is that part of the 
firing system housed in the breechblock. Its 
purpose is to set off the propelling charge 
by igniting the primer. Primers can be ignited 
by either impact or electrical current. Guns 
using ammunition having combination primers 
must be equipped with firing mechanisms that 
operate both ways. 

The normal method of firing (using combina¬ 
tion primers) is electrical, the firing mecha¬ 
nism acting as the final leg of an electrical cir¬ 
cuit which leads from the ship's generator to 
the primer. Percussion firing in this case is 
the standby (or sometimes emergency) method. 
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A TYPICAL SYSTEM 

The 5 rr /38 system was chosen for study 
because it far outnumbers all other systems 
in the fleet. This system was designed for both 
electric and percussion fire. The components 
which make up this type of firing system must 
operate to stop the firing of the guns both elec¬ 
trical and mechanical through a firing stop 
mechanism. 

The 5"/38 firing system comprises the: 

1. Electrical system, 

2. Firing mechanism proper, 

3. Percussion firing linkage, and 

4. Firing stop mechanism. 

Electrical System 

Figure 10-26 shows in schematic form the 
electrical wiring system for a typical 5"/38 
mount. Normally, the system works on a.c. 
from the ship's 115-v supply. The remote firing 
key identified in the figure may be a key op¬ 
erated by a crewman in the director, a manu¬ 
ally-operated key in plot, or an automatic switch 


in the stable element in plot. Figure 10-26 is a 
simplified schematic that doesn't show all details. 

A local firing circuit comes from the mount's 
firing and lighting circuit. Selection of either 
the remote or local firing circuit is made by the 
mount captain at the Mk 15 control panel. 

From the control panel the circuit goes next 
to a step-down transformer where the 115 volts 
is reduced to 20 volts. Next in line is a snap 
switch operated by the pointer. Originally, the 
purpose of this switch was to permit the selection 
of either the circuit from the transformer (MOTOR 
GEN position) or, in an emergency, a 6-volt 
battery located in the mount's upper handling 
room. As these batteries have been removed, 
the switch now acts mostly as a connection box. 
But, if the need arises, the pointer can secure 
the circuit at this point by placing the switch in 
the OFF position. 

From the snap switch the circuit goes through 
the pointer's firing key, firing stop switch (firing 
cut out mechanism), the firing pin, primer, and on 
to ground through the gun mount structure. Since 
all switches in the 20 volt secondary circuit are 
in series, all must be closed before current can 
reach the primer; the pointer, therefore must keep 
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his key closed even when firing is from a remote 
station. 

The firing stop switch, like the pointer’s 
key, is always in the circuit and will prevent 
firing if not closed. Later in this chapter we 
describe in further detail the firing stop mech¬ 
anism of which this switch is a part. 

The firing stop switch is an electrical inter¬ 
lock that prevent firing when the gun is not 
pointed in a safe direction. In 3"/50 RF mounts, 
in the more complicated electrohydraulically 
operated gun mechanisms like the 5"/54 Mk 42, 
and 8-inch rapid-fire turrets, this principle of 
electrical interlocking to permit firing only under 
certain circumstances is elaborately applied. 

These are the components of the system, and 
you will learn more about them later in the chap¬ 


ter. Now, let’s look at the firing mechanism 
itself. 

FIRING MECHANISM 

Often you’ll see the term ’’firingmechanism” 
applied to the whole combination of electrical 
and mechanical elements that in this chapter 
we've been calling a "firing System". But, 
strictly speaking, the term "firing mechanism" 
should be applied only to the independent as¬ 
sembly in the breechblock that comprises the 
firing pin and the other subassemblies and parts 
associated with it. Sometimes this mechanism 
is called the "firing lock". This is an assembly 
used for firing bag guns. It is similar in purpose 
but different in function and construction from the 
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Figure 10-27. —Firing mechanism (5"/38). Exterior and cutaway. 
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firing mechanism found in the breechblock of a 
5"/38 gun assembly, or in the breechblock of 
any other sliding wedge breech gun. 

The 5"/38 firing mechanism is a cylindrical 
assembly with the firing pin protruding at one 
end and the cocking handle and firing terminal 
at the other. Figure 10-27 shows two views — 
an exterior and a cutaway. The firing pin and 
terminal are electrically insulated from the other 
parts by two fiber insulating washers (labeled 
in fig. 10-27) and the fiber firing pin sleeve. 

When the firing mechanism is mounted in its 
place, only the cylindrical mechanism lock is 
iirmly locked to the mounting. The other parts 
can slide back and forth, as follows: 

1. The firing pin with its casing, sleeve, 
washers, firing terminal, and cocking handle, 
can move as a unit, and are under the continu¬ 
ous forward thrust of the contact spring. 

2. The firing plunger, cocking sleeve, and 
cocking sleeve lug can move as a unit, and are 
under the powerful thrust of the firing spring. 
When the firing spring is fully compressed, the 
firing mechanism is cocked. It can be cocked 
by hand, when mounted or when clamped in a 
vise, by pulling back firmly on the cocking 
handle. To lock it in the cocked position, twist 
the firing mechanism safety latch downward. 
You must cock and lock the firing mechanism 
in this way when removing it or installing it 
in the breechblock. In normal operation, the 
firing mechanism is cocked and locked by the 
automatic functioning of the retracting lever 
and the sear, as discussed in more detail later 
in this section. 

Notice that both the contact spring and the 
firing spring bear against the mechanism lock 
to exert their forward thrust on the firing pin 
and firing plunger assemblies. 

The firing mechanism fits into a bore through 
the central part of the breechblock from the 
front face (through which the firing pin pro¬ 
trudes) to the rear. Figure 10-28 shows the 
rear face of the breechblock as a phantom so 
that we can see the mechanisms within. The 
sear is a spring-loaded rod in a transverse 
hole opening into one of the grooves in the left 
side of the breechblock. It normally engages 
the cooking sleeve lug. The sear is cut away, 
however, so that when it is pushed in (to the 
right, against its spring), the lug is free to 
move forward. 

Also engaging the sear is the sear safety 
latch, another spring-loaded rod in a diagonal 


hole drilled in the breechblock. When the breech¬ 
block is closed, the lower end of the latch 
rides on the operating shaft central arm of the 
breech mechanism. 

Where the latch crosses the sear, it is 
partly cut away, and a ridge (the safely latch 
tongue) in the cutaway portion can engage an 
annular groove that rings the sear. When the 
breechblock closes, the operating shaft central 
arm cams the safety latch up so that the tongue 
is disengaged, and the sear can move to the 
right. 

Now let's look into the breech mechanism's 
functioning in electrical and percussion fire, 
describing the other mechanisms involved as 
we go along. 

ELECTRICAL FIRE. In electrical fire, the 
firing mechanism's function is to make good 
electrical contact with the primer base when the 
breech is closed. The elaborate system in¬ 
cluding the firing spring, firing plunger, sear, 
safety latch, and so on, described a few para¬ 
graphs earlier, plays no part in electric firing. 
In the firing mechanism the parts essential to 
electrical fire are the firing pin proper, the 
contact spring, and the firing terminal (fig. 
10-29 A). 

The firing cable is connected to the terminal, 
and moves up and down with the breechblock. 
The firing current travels through the firing 
terminal and pin. The contact spring holds the 
point of the firing pin firmly against the primer 
in order to ensure good electrical contact. To 
do this, the tip of the firing pin must protrude 
from the face of the breechblock (fig. 10-29A). 

However, when the breechblock is in any 
position other than completely closed, a pro¬ 
truding firing pin tip is a hazard—it can short 
the firing circuit, foul a cartridge case, or be 
bent out of alignment and jam. Hence the firing 
pin tip must be retracted whenever the breech¬ 
block is not fully closed. The component that 
does this is the retracting lever (fig. 10-29B). 

The retracting lever rocks on a pivot in the 
breechblock. It is linked to the central arm so 
that when the breech is open, its business end 
pushes the firing pin backward; when the breech- 
blcok rises to closed position, the lever rocks 
the other way so that the contact spring can 
push it forward again (fig. 10-29B). 

When the breech is open, the retracting 
lever also cocks the firing spring. Remember 
this for the discussion on percussion firing 
which follows. 
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Figure 10-28. — 5"/38 firing mechanism and associated components in breechblock. 
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Figure 10-29. —Functioning of 5"/38 firing mechanism in electrical fire. A. Firing mechanism 

parts. B. Retracting lever. 


PERCUSSION FIRE. In percussion firing, 
the primer's shock-sensitive bottom must re¬ 
ceive a substantial mechanical impact. As you 
remember, this is done in small-arms weapons 
and machine guns by using a firing pin. When 
the firing control or trigger is operated, the 
firing pin is driven forward by a strong spring, 
by camming action, or by the inertia of the 
forward-moving bolt, and the shot is fired when 
the pin collides with the primer. 


In the 5"/38 firing mechanism the firing pin 
maintains a firm contact with the primer so long 
as the breechblock is closed on it. The impact 
necessary to set off the primer is developed 
elsewhere in the firing mechanism; the firing 
pin merely transmits the blow much as a drift 
or nail set transmits the blow of a hammer. 

To see just how this is done, let us now 
trace the operation of the percussion firing 
system on a 5"/38 mount, starting with the 
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Figure 10-30. — 5"/38 firing system. Percussion firing linkage. 


foot-firing treadle operated by the pointer, and 
continuing through its linkage to the firing mech¬ 
anism in the breechblock. 

Structurally, the linkage from the firing treadle 
to the slide is part of the carriage. The arrows 
in figure 10-30 show how each part of the linkage 
moves when the pointer steps on the treadle. 
The treadle tilts down, swinging the rectangular 
connection lever assembly aft, and so rotating 
the firing rod. (The encircled area in the figure 
encloses a clutch connection, Is part of the 
firing stop mechanism to be discussed later.) A 
little firing rod lever at the top of the firing rod 
pushes the outer push rod, which runs inboard 
through the center of the trunnion. 

In turn the rod rotates the trip plate mounted 
on the inner surface of the slide, and the trip 
plate transmits the push to the inner push rod 
in the housing. The inner push rod accomplishes 


the entire purpose of this linkage, which is to 
push the sear to the right. 

You can depress the foot-firing treadle at 
anytime, but note two important safety features 
of this linkage: 

1. The trip plate can push the inner push 
rod only when the gun is completely in battery. 

2. The inner push rod can push the sear 
only when the breechblock is fully closed. 

In short, the whole linkage described does 
but one thing — it pushes the sear to the right. 
The sear, in turn, releases the mechanism 
that causes the firing pin to set off the car¬ 
tridge primer. Let's now look more closely at 
how this is done. 

The retracting lever pulls back the firing pin 
when the breech opens, compressing the contact 
spring. It also compresses the firing spring. 
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When the breech closes, the retracting lever 
permits the firing pin to move forward again 
under the thrust of the contact spring. But the 
firing spring remains compressed, because the 
sear engages the cocking lug, and does not let 
the firing plunger assembly move forward. 
(See position I, fig. 10-31 A). 

When the firing treadle goes down, the sear 
releases the cocking lug, and the powerful firing 
spring drives the firing plunger solidly against 
the thrust bushing and the firing pin (position II). 

Too see how the sear controls movement of 
the cocking lug, study figure 10-31B. The lug 
bears against the shoulder of the sear. When 
the sear is pushed to the right (arrow) by the 
firing linkage, the lug can pass through the 
cutaway section. When the firing mechanism is 
cocked again, the sear spring pushes the sear 
back to the left. 

Figure 10-32 shows what the safety latch 
does. It functions to prevent sear movement 
when the breech is not fully closed. When the 
breechblock is even slightly below breech-closed 
position, the latch is pushed down by the spring 
(arrow 1) until its tongue engages the annular 
groove in the sear, thus locking it. Only when 
the breechblock is fully closed and the central 
arm has risen to the top of its movement (arrow 
2) is the safety latch pushed upward (arrow 3) 
by a flat spot on the operating shaft central 
arm. This disengages the tongue, permitting the 
sear to move when the foot-firing treadle is 
depressed. 


MK 14 FIRING LOCK 

The Mk 14 Mod 5 firing lock (fig. 10-33) 
used esclusively with bag guns, consists of a 
receiver which is attached to the end of the 
mushroom stem and a wedge which slides back 
and forth in the receiver, to open and close the 
primer chamber in the mushroom stem. The 
primer-retaining catch helps to hold the primer 
in place until the wedge closes; the extractor 
ejects the primer case as the wedge opens. 
The wedge contains an insulated firing pin which 
carries the current to the primer bridge for 
electrical firing. For percussion firing, a ham¬ 
mer, a contact piece, and a cocking lever at¬ 
tached to the wedge function to deliver a blow 
to the firing pin. This is accomplished by 
drawing back the cocking lever, which pulls 
the hammer with it until a catch on the lever 
releases the hammer. As the hammer is drawn 
back, the hammer spring is compressed. When 


the hammer is released, this spring drives the 
hammer forward, making the contact piece strike 
the firing pin, which transmits the blow to the 
primer. 

Safely features incorporated in the lock prevent 
firing until the gun breech and the firing lock 
are completely closed. These include: 

1. A lug on the hammer slides in a groove in 
the reciever and lifts the hammer enough to break 
electrical contact between the firing pin and 
primer until the wedge is in the closed position. 

2. The same lug also prevents the hammer 
from being drawn back for percussion firing until 
the wedge is in the closed position. 

3. The hammer thrust pin must line up with 
a hole in the carrier before the cocking lever 
can be pulled back for percussion firing. This 
alignment occurs only when the wedge is fully 
closed. 

4. The cocking lever is so constructed that 
it transmits any accidental blow directly to the 
wedge instead of to the hammer and firing pin. The 
hammer placed between the cocking lever and 
the wedge is amply protected from exterior 
blows. 

The wedge is connected with the breech-plug 
operating lever by means of a lock-operating bar 
and a mechanical linkage. The motion is such that 
the wedge is withdrawn and the primer extracted 
when the operating lever is pulled aft and down in 
opening the breech. To reprime in case of a 
misfire the wedge can be retracted (fig. 10-34) 
without opening the breech, by unlatching the 
retracting lever latch and rotating the retracting 
lever. This permits downward movement of the 
lock operating bar without moving the breech 
operating lever. But the wedge cannot be fully 
closed unless the breech is closed and locked. 

The wedge is secured to the operating bar 
by means of a pin. The hole in the wedge through 
which the pin passes is slotted to permit move¬ 
ment of the mushroom stem during fire. The 
firing lock can be removed by taking out the 
pin and turning the receiver 90 degrees to un¬ 
fasten it from the mushroom stem. 


FIRING STOP 
MECHANISMS 

A long-range, heavy weapon like a turret 
gun or dual purpose gun can do a number of 
things that a small weapon like a rifle or a 
caliber .50 machine gun cannot. It can strike 
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Figure 10-31. — 5"/38 firing system. A. Firing mechanism functioning. B. Sear functioning. 
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Figure 10-32. — 5"/38 firing system. Functioning of safety latch. 
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Figure 10-33. — Mark 14 firing lock. A. Assembled view, wedge closed. B. Electrical firing 
position. C. Percussion firing position. D. Ejecting primer after firing. 

429 


Digitized by v^,ooQle 



















































GUNNER'S MATE G 3 & 2 



FIRING LOCK ACTION. WEDGE 


ASSEMBLY RETRACTED TO OPEN 
PRIMER BREECH. PRIMER BEING 
INSERTED IN PRIMER BREECH. 




FIRING LOCK ACTION. COCKING 
LEVER AND HAMMER PULLED BACK. 
FIRING SPRING COMPRESSED. 
HAMMER ABOUT TO BE RELEASED 
FROM COCKING LEVER. PERCUSSION 
FIRING ONLY. 


FIRING LOCK ACTION. COCKING LEVER 
PULLED BACK TO LIMIT STOP. HAMMER 
RELEASED AND ABOUT TO STRIKE FIRING 
PIN. PERCUSSION FIRING ONLY. 


84.99 

Figure 10-34. —Percussion firing. 
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a target with a much greater destruction. Un¬ 
fortunately, it also can direct destructive fire 
on the vessel aboard which it is mounted. 

The reason for this is that in heavy weapons 
the gun bore axis can diverge considerably from 
the line of sight to the target. Especially in 
enclosed mounts where field of view is con¬ 
siderably restricted, a line of sight that looks 
perfectly clear through the sight telescope may 
have the gun bore axis right in line with the 
ship's superstructure, an adjacent mount, a 
stack, a mast, or a radar antenna. The fire 
control director, radar and all, cannot prevent 
this, nor can the computer nor the on-mount 
sights. In anything bigger than a light machine- 
gun installation, firing into your ship must be 
prevented automatically. 

This prevention can be done in several ways. 
One is to limit mechanically how far the gun can 
be depressed. This is done on many 20-mm 
mounts; the depression limit is determined by 
a circular cam surrounding the stand and the gun 
cannot be depressed to fire into the ship. Another 
is to build into the mount power drive provisions 
for elevating the guns above obstacles on the 
ship when the mount is trained inboard. But 
by far the most common way is to equip the 
mount with a firing stop mechanism, a device 
which permits the gun to be trained through an 
unsafe firing zone but interrupts the firing sys¬ 
tem both mechanically and electrically. Then 
when the mount is trained once again in a safe 
direction, the device automatically restores the 
firing system to normal operation. 

In all gun mounts from 40-mm to 5-inch the 
firing stop mechanisms are similar in principle, 
though you will find differences in the linkage 
connecting the firing stop mechanism to the 
remainder of the firing system. Also, in rapid- 
fire 3"/50 mounts the firing stop mechanism in¬ 
terrupts only the firing circuit, and has no 
effect on percussion fire. In 40-mm and 5-inch 
mounts the firing stop mechanism can prevent 
both electrical and percussion fire. 

ELEMENTS OF A 
TYPICAL FIRING STOP 
MECHANISM (5"/38) 

The main components of the firing stop mech¬ 
anism are shown in figure 10-35A. The heart 
of it is the firing stop cam plate (fig. 10-35B). 

The firing stop cam plate is a metal disc 
whose surface is partly cut away (fig. 10-35B). 
Crossing the cam is the elevation input shaft, 
which moves toward the center of the cam plate 
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Figure 10-35. —Principle of the firing stop 
mechanism. A. Main components. B. 
Firing stop cam plate. 


when the gun elevates, and outward from the 
center when it depresses. At the lower end of 
the elevation input shaft is the firing stop plunger, 
whose lower end rides on the surface of the cam. 

Every point the plunger touches on th surface 
of the cam corresponds to a specific position 
of the gun in elevation and train, and to that 
position only. As the cam plate moves with gun 
train and the elevation input shaft moves over the 
cam surface, the plunger rides low; when it rides 
onto a raised part, it moves up. 

The firing stop cam plate is so cut that the 
low places correspond to positions in which the 
gun may safely be fired; the high places to gun 
positions in which the axis of the gun's bore 
passes through parts of the ship's superstructure, 
deck, masts, etc. The ability of the gun to fire 
is controlled by the position of the plunger. 
When it is low, the gun can fire; when it rises. 
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it breaks an electrical contact in the firing 
circuit and disengages a clutch in the foot-firing 
linkage, preventing both electrical and percussion 
fire (fig. 10-36B). Just where fire is permitted 
and where it is prevented depends on how the 
firing cutout cam is cut. 

Figure 10-36 shows a 5"/38 mount firing 
stop mechanism. In view B, the mount has 


trained to a dangerous position. The plunger 
has risen and, through the linkage, broken elec¬ 
trical contact and disengaged the clutch to the 
foot-firing treadle. Differences among 40-mm, 
3-inch, and 5-inch mechanisms lie in details of 
linkage connections to the firing system and 
to elevation and train gear, and in electrical 
details. Otherwise all are similar. 



f FIRING STOP 

| CAM HOUSING 


jCLUTCH DISENGAGED 
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Figure 10-36. —Firing stop mechanism for 
5"/38 mount. A. Exterior. B. Function¬ 
ing of interrupt fire. 


NON POINTING ZONES 

Nonpointing zones are zones into which the 
gun cannot train or elevate. They protect the gun 
against physical obstructions to the train and 
elevation movements and prevent firing into the 
ship's structure. When the gun approaches a 
nonpointing zone, special circuits within the 
train and elevation systems cause the gun to 
elevate and train around the affected zone. 
When the gun has passed the zone, normal 
operation resumes. 

Figure 10-37 shows a simplified arrangement 
of nonpointing zones aboard ship. This type of 
cutout system is used with the 5"/54 MK 9 
gun mounts. Nonpointing zones can be arranged 
with one, two or three levels. The automatic 
pointing cutout mechanism is located within the 
train and elevation receiver regulators. 



Figure 10-37. —Typical nonpointing zone 
arrangement. 
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Figure 10-38. —Pointing-cutout operation. 


AUTOMATIC OPERATION 

The automatic pointing-cutout system actuates 
the train and elevation limit-stop mechanisms to 
override gun laying orders. The limit-stop mech¬ 
anism prevents the gun from driving beyond its 
designated limits. The limit-stop mechanisms 
do not interfere with normal gun laying move¬ 
ments within the mount limits. 
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PISTON NONPOINTING ZONE 3 

84.102 

Figure 10-38. —Limit-stop cam. 


The pointing-cutout system receives position 
and position-plus-lead signals from the train 
and elevation systems. When position-plus-lead 
signals indicate that the gun has moved away 
from a nonpointing zone, the gun orders resume 
control of the mount. 

Figure 10-38 shows the path taken by the gun 
as the pointing cutout system combines the train 
and elevation signals to detour the gun over the 
nonpointing zones. Numbers on the illustrated 
route indicate the sequence of events producing 
the detour. 

At point 1, the mount train position-plus- 
lead switches for the zone open and activate the 
elevation automatic pointing cutout system. After 
a short transition period, the gun barrel begins 
to elevate. 

At point 2, the train limit-stop cam is stopped 
by the limit-stop piston shown in (fig. 10-39). 
After a short transition period, the mount train 
power drive begins to decelerate. 

(Note: Because the gun barrel already is 
pointing below the nonpointing zone, the train 
automatic pointing-cutout system has already 
been activated.) 

At point 3, gun train movements stops and gun 
elevation movement continues until it reaches a 
point above the zone. 

At point 4, a position switch in the elevation 
receiver-regulator closes, devactivation the train 
pointing cutout system and permitting the mount 
to resume training. 

At point 5, the elevation power drive is stopped 
and the train power drive continues driving. 

At point 6, the mount synchronizes with the 
remote elevation order and continues tracking 
the target. 

At point 7, the train-receiver-regulator po¬ 
sition switches close, deactivating the elevation 
pointing cutout system. This action has no effect 
upon mount operation unless the target's position 
is below the nonpointing zone. Deactivating the 
elevation pointing cutout system frees the gun 
so that it can depress and synchronize with gun 
order signals. This type of system does not cut 
out the mount's firing circuit, 

FIRING CUTOUT 

The firing cutout (fig. 10-40) interrupts the 
firing circuit whenever the line-of-fire of the 
gun nears ship structure. (Normally, the pointing- 
cutout prevents this occurrence.) Response shafts 
from the CAB unit B-ends send indications of 
gun position to the firing cutout mechanism. 
Whenever the responses indicate that the gun is 
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INPUT FROM 
TRAIN WORM 
& DRIVE PINION 


84.103 

Figure 10-40. —Firing cutout mechanism and response gearing. 


entering an established danger zone, the firing 
cutout switch opens the firing cutout circuit. 
Train and elevation response inputs operate the 
firing cutout mechanism. The firing cutout mech¬ 
anism (fig. 10-41) consists of a firing cutout cam, 
a cam follower, a rocker arm switch actuator, 
and a firing cutout switch. 

Train Respose Input 

The train input rotates the firing cutout cam 
through appropriate gearing. The cam rotates at 
the same speed as the mount so that, as the 
mount rotates 360 degrees, the cam makes 
one complete revolution. 

Elevation Response Input 

The elevation input rotates a worm gear 
which moves the cam follower back and forth 
on a guide shaft. A cam follower pin, with a ball 
bearing on each end, rides in a hole drilled 
through the cam follower (fig. 10-41). As the 
cam follower moves along-side the cam, one 
end of the follower pin rolls along the surface 
of the cam, and the other end rolls along the 
bottom of the rocker arm. The follower pin 
moves at the relative rate of the gun. As the 


gun moves between its elevation limits, the 
follower pin moves from one end of the cam to 
the other. 

Rocker Arm And Firing 
Cutout Switch 

The rocker arm pivots on a horizontal pin 
parallel to the firing cutout cam. A spring on 
the top of the rocker holds the follower pin 
firmly against the cam and the bottom of the 
rocker arm. A firing cutout switch is actuated 
whenever the cam follower pin pushes the bottom 
of the rocker to the left. 

Firing Cutout Cam 

A firing cutout cam is designed and cut for 
each mount during installation aboard ship. An 
outline of the firing cutout zones forms raised 
areas on the cam surface. Assume, for example, 
that the firing cutout zones appear as shown in 
figures 10-41 and 10-42. The cam is alined to 
the train and elevation inputs so that the follower 
pin rolls up on a raised area whenever the gun 
starts to enter a cutout zone. When the follower 
pin rolls up on a raised area, the pin and the 
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SWITCH ACTUATOR FIRING CUTOUT SWITCH 


SAFE-TO-FIRE ZONE 



84.104 

Figure 10-41. —Firing cutout cam. 


rocker arm are shifted left (fig. 10-41). The 
switch actuator opens the firing cutout switch to 
interrupt the firing circuit (fig. 10-43). When 
the follower pin moves off a raised area on the 
cam, the cutout switch closes and completes the 
firing circuit. 


The firing cutout switch operates three indi¬ 
cating lamps. When the switch is closed, a 
FIRING ZONE CLEAR indicating lamp lights on 
the EP2 panel. When the switch is open, the 
FIRING ZONE CLEAR indication goes out, a 
FIRING ZONE NOT CLEAR indicator lights on 
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Figure 10-42. —Cam surface schematic diagram. 

435 


Digitized by 


Google 
























GUNNER'S MATE G 3 & 2 


FIRING CUTOUT 


+24VDC -2VDC 



84.106 

Figure 10-43. —Firing cutout functional diagram. 


the EP2 panel, and a DANGER SECTOR indicator 
lights on the EP4 panel. 


TESTING FIRING SYSTEMS 

Testing the firing stop cams shown in figure 
10-36 is done in the following manner: 

1. Connect a voltmeter or test lamp between 
the rear of an installed firing mechanism and 
ground. 

2. Complete the firing circuit as for actually 
firing. Close the pointer's key if you are testing 
for local fire, and both the pointer's key and 
the master key if testing by remote fire. 

3. Train and elevate the mount around the 
ship's silhouette, bringing the gun barrels in 
and out of the nonfiring area. 

4. When in the safe firing area, the test 
lamp or voltemeter should register the presence 
of the 20-volt firing current. Check to see that 
the firing linkage movement is reaching the 
pointer's foot pedal. (This tests for proper 
action of the percussion firing linkage.) 


5. When trained into the ship's superstructure, 
the test lamp or voltmeter should show the 
absence of a 20-volt firing circuit. The per¬ 
cussion firing linkage should be disengaged from 
the pointer's foot pedal. 

Once installed and tested, firing stop cams 
are fairly trouble-free devices. Other than the 
occasional check just described, there is very 
little else you can do with them. This is not the 
end of your maintenance however. Regularly 
(the frequency depends upon the particular mount), 
the firing system as a whole must be tested. 
In large part this deals with the electrical 
firing circuit. 

In testing the electrical firing system, you 
check: 

1. CONTINUITY —that is, does the electrical 
firing impulse get through to the firing pin? 

2. INSULATION — that is, does the electrical 
firing impulse leak through the insulation so 
that it either is weak or completely fails to reach 
the firing pin ? 
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84.181 

Figure 10-44. — Firing circuit electrical tests 
(5"/38). A. Testing firing circuit continuity 
with test lamp. B. Testing firing circuit in¬ 
sulation with megger. 
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84.108 

Figure 10-46. — Caution plate for salvo latch. 



84.107 

Figure 10-45.—Checking for bore constrictions with bore plug gage. 
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Continuity and insulation are tested without 
loading the gun. 

The continuity test is done with a small test 
lamp having two insulated leads with metal tips. 
Hold one tip against the terminal of the firing 
pin and the other against an unpainted dry 
spot on the slide or housing. (This is called 
GROUNDING the lead.) When the firing key is 
closed, the lamp should glow. (See fig. 10-44A.) 

This test is conducted using not only the 
pointer's key, but all remote firing keys as 
well. That is, the keys at the director and in plot. 

The insulation test involves the use of a 
megger—an electrical measuring instrument that 
indicates the resistance of insulation. To make 
this test, attach one lead of the instrument to 
the firing terminal and ground the other. (See 
fig. 10-44B.) Then turn the handcrank of the 
megger. The needle on the instrument should 
indicate at least one megohm. If the reading 
is lower, inspect the insulation of the wiring 
in the firing circuit. Most commonly, when there 
is insulation failure, it takes place in the firing 
lead, and that is where you should look first for 
bare wires, frayed insulation, and so on. Al¬ 
ways inspect the firing lead, regardless of test 
results, to be sure that it isn't kinked, doesn't 
foul some part of the gun, and hasn't any oil or 
grease on it. 


All the tests mentioned so far have ended at 
the firing mechanism. The final test is to put a 
primer in a test case, ram it home (by hand), 
then kick it out using the foot pedal. Next, put 
another primer in the test case, and this time 
use the firing circuit and firing key to set it off 
electrically. If the primer in either case fails 
to go off, examine the firing mechanism. The 
usual electrical casualty is that the firing pin 
proper is grounding to the breechblock through 
the firing mechanism. Make sure the firing pin 
insulation is clean and dry, that the forward 
and after insulating washers are inplace, and 
that there is no accumulation of grease on the 
firing mechanism or in its bore in the breech¬ 
block. 

One final word of caution. You should first 
remove your tompions before testing the firing 
circuit with primers. There is sufficient force 
in an exploding primer to know your tompion 
out of the muzzle and over the side. 

PREPARATION FOR 
FIRING 

Prefiring checkoff procedure depends upon 
doctrine for the mount or turret being prepared 
for firing. Some weapons systems use as guides 
prefiring check off lists; other use appropriate 



Figure 10-47. — Unlatching primer breech with repriming tool prior to repriming. 
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system publications or maintenance requirement 
cards. Some of the prefire checks that must be 
made for both turrets and mounts are: 

1. Testing firing circuits, 

2. Checking recoil and counterrecoil sys¬ 
tems, 

3. Checking oil levels and accumulator pres¬ 
sures, 

4. Checking breechblock operation, 

5. Conducting F.C. transmission checks, 

6. Checking communication systems, 

7. Conducting uncaging operations, 

8. Checking ammunition hoist and handling 
equipment operation, 

9. Testing firing cutout systems, 

10. Passing bore gage, 

11. Inspecting and cleaning gun bore and 
chamber, and 

12. Removing muzzle covers and tompions. 

Prefiring and postfiring checks are made in 
accordance with instructions issued by the type 
commander. A prefiring report must be made 
to the commanding officer via the ship's wea¬ 
pons officer prior to firing. 


SAFETY 

Passing bore gage. It is forbidden to fire any 
mount or turret gun unless a bore gage has been 
passed. A bore gage is used to detect any con¬ 
striction within the gun bore (fig. 10-45). If 
the bore gage passes through the bore freely, 
there is no constriction within the bore. 

Opening firing locks. A firing lock into which 
a live primer has been inserted shall never be 
opened, either independently or by operation of 
the breech mechanism, unless the firing circuit 
is broken externally of the lock or breech mech¬ 
anism (for example, at a local pointer's key or 
gun captain's ready switch), except when it is 
known that the gun has fired. This practice applies 
to firing primers at drill, to operating loaded 
guns, and to examining primers. 

Salvo latch locking pin. In turret systems, 
insure that the salvo latch locking pin is stowed 
in the turret officer's booth during normal op¬ 
eration (fig. 10-46). During drill, when no re¬ 
coil is taking place, the salvo latch may be 
rendered inoperative by screwing the locking 
pin into hole B shown in figure 10-8. 

Firing lock lanyard. In turret systems see 
that the firing lock lanyard (when used) is not 



84.110 

Figure 10-48. —Replacing primer with repriming tool. 
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OPERATING FIXTURE. 


BACKING OUT ADAPTER 



ROPE BUFFER 


84.111 

Figure 10-49. — Use of backing out rammer and adapter. 


attached until the gun is loaded, the breech closed 
and locked, and the gun is about to be fired. 

Firing mechanism. In order to prevent pre¬ 
mature discharge, the utmost care must be taken 
to ensure that the firing pin and other parts of 
the firing mechanism are in good condition and 
properly assembled. 

Breech opening. Effective measures must 
be taken to guard against prematurely opening the 
breech of a loaded gun. 

Repriming bag type guns for any reason must 
be carried out in accordance with the following 
procedures: 

1. Stand clear of the gun breech to avoid 
danger from possible recoil or blowback. 

2. Using the projecting arm of the repriming 
tool, as shown in figure 10-47 for th 8-inch 
turret system, disengage the latch of the cross¬ 
head level of the firing mechanism linkage, 


pulling down the latch lever if necessary. This 
action drops the wedge of the firing lock and 
should automatically eject the primer. A jammed 
primer, which is not ejected automatically, may 
be extracted with the repriming tool by engaging 
the primer the same way the repriming tool is 
used to insert a new primer. 

3. Using the repriming tool as shown in 
figure 10-48, insert a new primer. 

4. Reclose the firing lock by lifting the 
latch lever with the repriming tool, making 
sure that the latch engages with the crosshead 
lever. 

Backing out a drill projectile. A drill pro¬ 
jectile is unseated from the rifling of a bag- 
type gun by dropping a backing-out rammer on 
the projectile while the gun is elevated. Great 
care must be taken to prevent injury to the 
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mushroom. Damage to the mushroom might not be 
noticable yet still be sufficient to cause a serious 
blowback, with possible injury to personnel. To 
forestall damaging the mushroom, a buffer is 
used between mushroom and projectile (fig. 


10-49). The buffer must be of a size and shape 
that no off-axis blow can be delivered to the 
mushroom. A satisfactory buffer can be fashioned 
from a dummy powder charge bag or woven 
from old rope. 
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ROCKET LAUNCHERS AND PROJECTORS 


The history of rocket development covers a 
span of eight centuries. Both rockets and gun 
developed within the same time period but guns 
attained supremacy because of their greater 
accuracy. 

The intense development of rockets during 
World War II stemmed from a need for greater 
firepower that did not require heavy and elaborate 
sub-structures to sustain weight and counteract 
recoil. This need was particularly acute in area 
bombardment of beachheads and in increased 
coverage patterns in antisubmarine warfare where 
accuracy could be sacrificed. 

Two of the early rocket systems developed 
were, an antisubmarine ahead-thrown rocket pro¬ 
jector called a hedgehog and a barrage launcher 
designed for installation on medium size landing 
craft. As the need for new weapon systems in¬ 
creased and fire control systems and rockets 
became more dependable, new ideas developed 
which adapted the rocket and missile to replace 
gun ammunition and depth charges in some types 
of warfare. 

In this chapter we discuss shipboard rocket 
launchers and projectors. The qualifications for 
advancement to GMG 3 require that you be 
familiar with the operation and maintenance of 
nonpower driven rocket launchers and projectors. 

To advance to GMG 2 you must be able to 
operate, maintain, repair and adjust power driven 
rocket launchers and projectors and their as¬ 
sociated equipment. You will also have the re¬ 
sponsibilities of launcher captain and must be able 
to supervise crews in the safe and proper pro¬ 
cedures for loading, handling, and stowing rocket 
ammunition. 

The discussion here, because it is limited 
to but one chapter, omits many details. You are 
responsible for keeping up-to-date on the equip¬ 
ment with which you work. Necessary information 
is supplied in ordnance OPs and ODs related to 
that system installed aboard your ship. 

This chapter is divided into six parts and 
includes; 


• Amphibious fire support 

• Antisubmarine defense 

• Nuclear weapons 

• Point defense 

• Chaff roc decoy system 

• Safety 


AMPHIBIOUS FIRE SUPPORT 

Operational Navy rockets fired from surface 
craft include the spin-stabilized 5.0-inch rocket. 
These rockets have proven effective for beach 
neutralization during amphibious operations and 
for shore bombardment when fired by LFR or 
other inshore fire support vessles. Their relative 
neutralization effect, as compared to 5"/38 AA 
common projectiles showed that one 5.0-inch 
rocket was equal to two AA common projectiles 
at a range of 2,500 yards. 

Since an LFR-IFS vessel has a firing rate of 
250 to 300 rounds per minute, these rockets 
give the relatively small ships a fire power 
almost equal to that of a light cruiser in weight 
of projectiles per minute. These weapons were 
used effectively during World War II, Korea 
and are now in service in Vietnam. 

ROCKET LAUNCHER 
ASSEMBLY MK 102 MOD 0 

The Mk 102 Mod 0 rocket launcher is a 
barrage weapon designed for installation on 
Inshore Fire Support Ships (LFR). “The rocket 
launcher assembly is manually loaded.” Hoist, 
guide tube, and firing actions are completely 
automatic, controlled by various controls and 
interlock switches. The remotely controlled twin- 
tube rocket launching mount fires 5-inch spin- 
stabilized barrage rockets at a sustained rate of 
30 per minute. In the normal LFR installation, 
4 mounts are ranged along both sides of the ship 
on the main deck, from about amidship forward 
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Figure 11-1. —Rocket launcher assembly Mk 102 installed on inshore fire support ship. 


almost to the bow, (fig. 11-1). The rocket battery 
directors are aft. 

The best information source on this launcher 
is OP 1424. 

Structure And Main Components 

We can consider the structure of the Mk 102 
rocket launcher as being made up of above-deck 
components, suspended components, and fixed 
components. 

The main structural above-deck components 
(fig. 11-2) are a pair of tubular rocket guides 
and a cradle, both of which can elevate inde¬ 
pendently, a carriage which can rotate in train, 
and a stand secured to the deck. The train and 
elevation drive units are attached to the car¬ 
riage pedestals. 

The suspended components (fig. 11-2) are 
the twin ammunition hoist tubes and hoist mech¬ 
anisms, including their power drives, all of which 
hang from the underside of the carriage base 
ring. The hoist tubes extend up through a hole 
in the center of the carriage, and align with the 
guide tubes when the latter are in loading position. 


The hoist units are enclosed in a support tube 
whose lower end rests in a pivot assembly on 
the handling room deck. All cable connections 
between the on mount units and units on the ship's 
fixed structure pass through the center of this 
assembly. 

The fixed structure units (not illustrated) 
include two motor-generator sets, an amplifier 
unit, power switch, and control unit, all of which 
are associated with the train and elevation 
power drives, and a number of electrical units 
that are part of the firing circuit. 

Design Features 

Before we go into detail concerning the de¬ 
scription and operation of the Mk 102 rocket 
launcher, note the following features of its 
design: 

1. The carriage normally is trained and 
the cradle elevated and depressed by Mk 4 
Amplidyne all-electric power drives similar to 
those used on Mk 1 Mod 2 40-mm mounts. Local 
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or manual control is used for synchronizing, 
exercise, and test. 

2. The hoist is lifted and lowered and the 
guide tubes are elevated and depressed by hy¬ 
draulic cylinders which are part of an electro- 
hydraulic system. Though they receive their 
hydraulic fluid from the same pump, the hoist 


and guide cylinders operate independently. The 
hoist-operating cylinder through a rope-and- 
sheave system, raises and lowers a rocket 
lifter between the handling room and the rocket 
guides. The guide operating cylinder elevates 
the guides to vertical (90°) loading position and 
depresses them until they rest on the elevating 
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shoulder of the cradle (firing position). Guide 
elevation in firing position depends on cradle 
elevation, which in turn depends on the eleva¬ 
tion order signal from the director as trans¬ 
mitted through the Amplidyne elevation power 
drive. 

3. A system of control interlock switches 
automatically controls the sequence of opera¬ 
tions for hoisting the rockets, positioning the 
guide tubes, and firing. This system includes 
safety features for the protection of personnel 
and equipment. An emergency stop switch on 
the suspended hoist structure can be operated 
to stop the power drives and interrupt firing in 
case of a handling room casualty. A relay 
breaks the firing circuit if the launcher is out 
of synchronism in train or elevation or has run 
into any of its limit stops. A firing stop mech¬ 
anism interrupts firing when the guide tubes 
are aimed at some part of the ship's structure. 

General Data 


Total weight (lb).11,000 

Guide firing position elevating 
limits (degrees) 

Mechanical limit. 63 

Electrical limit. 60 

Guide firing position depressing 
limits (degrees) 

Mechanical limit. 0 

Electrical limit. 5 

Loading position of guide. 90 

Carriage train limits, from 
zero (degrees) 

Left or right, mechanical. 180 

Left or right, electrical. 160 

Approximate rate of fire (rd/min).... 30 

Nominal maximum range (yd).10,000 


Oscillating Assembly 

The main parts of this oscillating assembly 
are the two rocket launcher guides, the cradle, 
and the sight (See fig. 11-2). The oscillating 
assembly shifts between two positions —the angle 
at which the rockets are fired, and loading posi¬ 
tion. The guide tube operating cylinder swings 
the guide tubes by a connecting rod between 
loading position (guides at 90^ and firing posi¬ 
tion (guides resting on cradle elevating shoul¬ 
der). There are four guide tube buffers to 
absorb the shock of the rapid shifts between 
these positions. At the forward end of the 
guides is a blast shield, and at the rear of the 
oscillating assembly is a blast deflector. These 


protect equipment and personnel from the rocket 
exhaust. Attached to the guides and cradle are 
a number of control interlock switches which 
control firing and guide tube movement. 

The cradle's main components are the ele¬ 
vating arc, a gear segment driven by the ele¬ 
vating pinion, and the elevating shoulder, a 
rectangular cast-steel frame which limits guide 
tube downward movement. 

Carriage 

The carriage (fig. 11-2) includes or supports 
all the parts of the mount that move in train. 
It's a 40-mm carriage Mk 1 Mod 2, modified 
for the rocket launcher. It supports the power 
drive units, oscillating assembly and ammunition 
hoist. The main structural parts of the carriage 
are the base ring (lower carriage), and pedestal 
and trunnion support (upper carriage). The power 
drive units on the carriage include the gearing 
and power motors for positioning the mount in 
train and elevation. The elevating pinion driven 
by the elevating gear engages the elevating arc; 
the training pinion engages the training circle 
in the stand. 

The carriage also contains the firing stop 
system and the cooling system. The firing stop, 
mounted on the forward part of the pedestal, is 
similar in principle to the 5-inch gun mount 
type that you are already acquainted with. It 
consists of a disc rotated by mount train with a 
cam follower moved radially by mount eleva¬ 
tion; the safe firing zone is the cut-out portion 
of the cam's surface. The cam follower opens 
and closes the firing circuit. The cooling sys¬ 
tem (not illustrated) is an emergency arrange¬ 
ment consisting of a pipeline up the right side 
of the mount, terminating in a perforated pipe 
across the top of the cradle. It's used in case 
of apparent or actual misfire, when it's con¬ 
nected by hose to the fire main. 

Stand 

This stand is the same 40-mm mount unit 
that is used for the Mk 1 twin 40-mm mount, 
so we needn't discuss it further. 

Elevation and Train Power Drives 

Elevation and train power drives are Mk 4 
Mod 3 all-electric amplidyne units of the type used 
on Mk 1 Mod 2 twin 40-mm mounts. In auto¬ 
matic control, each power drive system receives, 
from the director, elevation or train order sin the 
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form of double-speed synchro signals. In the 
mount receiver-regulator these signals are con¬ 
verted to a.c. voltage signals and rectified. The 
signals control the output of amplidyne generators 
that drive d.c. power motors on the mount. 
Through gearing, the motors drive the cradle 
for movement in elevation, and the carriage for 
movement in train. For local power control the 
mount is still power-driven, but electrical signals 
to the amplifiers are furnished by small tach¬ 
ometer generators driven by the elevation and 
train handwheels operated by the crew. In manual 
control the handwheels directly drive the gearing 
to the elevating and training pinions respectively, 
and the electrical units are not involved. 

The selectors for choosing the type of control 
to be used are located on the train and elevation 
drive units on the mount. The gearing, drive 
motors, synchros, and tachometer generators 
are also located on the mount; the other compon¬ 
ents, including the amplidyne motor-generator 
sets, their control and overload units, and the 
amplifiers are located in the handling room off 
the mount. Magnetic brakes on the elevation and 
train drive motors automatically function to stop 
the mount in the event of an overload or power 
failure. 

Ammunition Hoist 

The ammunition hoist (fig. 11-2) is a hy¬ 
draulically operated lift designed to raise two 
rockets at a time from the handling room level 
into the rocket guide tubes. Its main structural 
components are a hoist and drive support tube 
within which are two hoist tubes. The hoist is 
suspended from the base ring, but the two hoist 
tubes extend from below the loading tray of the 
support tube up through the stand so that they 
meet the rocket guide tubes when the latter are 
in loading position. Hinged spring-loaded covers 
over the tubes close them off when the rocket 
guide tubes are in firing position; in loading 
position the covers are cammed open. 

The rocket lifter (not visible in fig. 11-2) is 
a Y-shaped steel casting which moves up and 
down on a guide between the hoist tubes. The 
arms of the Y protrude into the tubes and ter¬ 
minate in small platforms which support the 
rockets being hoisted. The lifter is secured 
through two ropes and a system of sheaves to 
the crosshead on the hoist operating cylinder's 
piston rod. The rope-and-sheave arrangement 
multiplies piston movement by two, so that the 
piston stroke is half that of the lifter. 


Other parts of the hoist hydraulic system 
include a motor-driven vane pump, supply tank 
accumulator, oil filters, interconnecting piping, 
and valves. The flow control valves, two check 
valves and a solenoid operated hoist cylinder 
control valve regulate fluid flow to and from 
the hoist operating cylinder. The guide operating 
cylinder also operates from the hydraulic system; 
fluid flow into and out of this cylinder is governed 
by two adjustable control and check valves, and 
a solenoid-operated guide control valve. System 
operating pressure is 1,000 psi, and oil capacity 
is 22 gallons. The solenoid-operated valves are 
tied electrically into the control interlock circuit, 
which starts and interlocks the hydraulic cyl¬ 
inders that operate the rocket lifter and rocket 
guides. 

Firing Components and Circuits 

Firing components and circuits don't constitute 
an assembly in the same sense as those we've 
described above. But understanding their functions 
is essential to an understanding of the whole. 
The main components we're concerned with here 
are the Mk 20 firing panel, emergency stop 
switch, firing stop mechanism, Mk 9 relay, 
firing transformer, amplifier, intervalometer, 
firing interlock switch, and the firing contacts. 
Figure 11-3 shows schematically how they fit 
into the firing sequence. The firing panel, inter¬ 
valometer, and firing transformer are physically 
located on the handling room bulkhead, the emer¬ 
gency stop switch and Mk 9 relay are on the 
hoist structure in the handling room, the firing 
stop mechanism is on the carriage, and the firing 
interlock and contacts are on the elevating 
shoulder. 

We need not go into detail about the firing 
stop mechanism, which you know about. Firing 
contacts and interlock are simple. The contacts 
touch the rockets in the guides when the guides 
are in firing position, and the interlock switch 
closes as the guides approach the elevating 
shoulder. 

The firing panel has a safety plug, a three- 
position selector switch, and three pilot lights. 
The plug is removed to interrupt the firing cir¬ 
cuit. The selector can be set to DIRECTOR, 
LOCAL, or OFF. A red pilot light, marked 
READY, indicates that the intervalometer motor 
is energized and the selector is set to either 
LOCAL or DIRECTOR. A green light, marked 
DIRECTOR, indicates that the firing circuit from 
the director is energized; and an amber light. 
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Figure 11-3. —5-inch rocket launcher assembly Mk 102 Mod 0. Firing control system 

(functional schematic). 


marked CEASE FIRE, along with a cease fire 
horn, shows that the cease fire signal has been 
given. 

A pair of rockets both fired at once from the 
Mk 102 launcher would be likely to crash into 
each other in flight, or at least their flight 
would be erratic. So, the launcher fires its 
rockets one after the other on one firing signal, 
rather than both at once. The delay (0.66 second) 
is introduced by the INTERVALOMETER. Its 
main functioning elements are two microswitches 
(one for the firing circuit to each rocket guide 
tube firing contact) and a cam drum rotated 
by a synchronous motor at 15 rpm. Screws in 
the drum cam the switches every 0.66 second 
while the motor is running. There are three 
indicator lamps in the left side of the inter- 
valometer cover. The upper one, marked M, 
indicates that motor power is on, and the other 
two, numbered 1 and 2, indicate when power is 
supplied to the firing contact circuits. An ac¬ 
cess hole in the right side of the cover, nor¬ 
mally protected by a cap, makes it possible to 
start the motor by hand if necessary. 


The intervalometer receives the 20-v a.c. 
firing current from the secondary of the firing 
transformer, and feeds it directly to the firing 
contacts on the rocket guide tubes. But, as you 
can see in figure 11-3, the 115-v a.c. firing 
signal from the director goes through several 
other circuit elements before it gets to the fir¬ 
ing transformer's secondary. It first goes through 
the firing panel already described. Next, it 
goes to the contacts of the Mk 9 relay. The 
relay's coil receives 115-v a.c. from other 
relays in the train drive amplifier; this current 
is interrupted when the launcher is not syn¬ 
chronized in train. Because the relay contacts 
are open when the relay coil is not energized, 
the 115-v circuit to the firing transformer pri¬ 
mary cannot be closed unless the launcher is 
synchronized with train order. 

The 115-v circuit to the firing transformer 
primary also includes the emergency stop switch 
on the hoist at the handling room level. This 
switch controls two circuits—the 115-v firing 
circuit shown in figure 11-3 and the regulator 
circuit of the train power drive. Thus, the handling 
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Figure 11-4. —5-inch rocket launcher assembly 
Mk 102 Mod 0. Hoist loaded; guide tubes at 
loading position. 


room crew can stall the train drive and stop the 
firing if a casualty makes such emergency action 
necessary. 

This circuit is completed through the firing 
stop mechanism on the front of the launcher 
carriage. You're already familiar with the prin¬ 
ciple and purpose of this device. 

Functioning Cycle 

Now let's follow the functioning cycle of the 
Mk 102 launcher as it fires a pair of rounds. 
Except for loading the rocket lifter down in the 
handling room, the cycle is completely automatic. 
In normal automatic fire, each rocket guide tube 
fires a rocket every 4.2 seconds. 

We begin with the launcher in the condition 
shown in figure 11-2—namely, with the rocket 
lifter at the bottom of its stroke, and the hoist 
tubes empty. Under these conditions, the lower 
hoist interlock switches are open and the hoist¬ 
ing cycle cannot begin. 

HOIST LOADING. —(See fig. 11-4.) The hand¬ 
ling room crew pushes two rounds through the 
shutters at the hoist lower end onto the rocket 
lifter. This actuates interlock switches on the 
shutters and at the end of the loading tray. When 
the guide tubes move into loading position, the 
hoisting circuit is completed. 

HOISTING ACTION. —(See fig. 11-5.) A control 
valve is opened by a solenoid in the hoisting 
circuit. It ports hydraulic fluid into the top of 
the hoist-operating cylinder; the piston and cross¬ 
head move down, causing the rocket lifter, through 
the rope-and-sheave action, to move up. 

GUIDE LOADING AND LATCHING. — (See fig. 
11-6.) The rocket lifter, as it approaches the 
top of the hoist tubes, opens the upper hoist 
interlock switch, preventing the guides from 
leaving the loading position too soon. The rockets 
pass into the guide tubes, pushing the rocket 
latches aside. When the rockets are completely 
inside the tubes, the latches snap back to hold 
the rockets in the tubes. 

HOIST LOWERING ACTION. —(See fig. 11-7.) 
Loading and latching the rockets in the guide 
tubes closes the control interlock system cir¬ 
cuit, which initiates the downward stroke of the 
lifter. In hoist lowering action, a solenoid- 
operated control valve feeds hydraulic fluid to 
both ends of the hoist-operating cylinder. Since 
the piston rod is on the upper side of the hoist- 
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Figure 11-5. —5-inch rocket launcher assembly 
Mk 102 Mod 0. Hoisting action. 



53.192F 

Figure 11-6. —5-inch rocket launcher assembly 
Mk 102 Mod 0. Loading the guide tubes. 


operating piston, the total area presented to fluid 
pressure is smaller than on the lower side. 
By the differential-are a principle that is by now 
familiar to you, the upward thrust on the piston's 
bottom therefore exceeds the downward thrust on 
its top, and the piston and crosshead move up, 
hauling the rocket lifter down. 

GUIDES MOVE TO FIRE POSITION.— (See 
fig. 11-7.) After moving downward four inches 
the hoist lifter releases the normally closed 
upper hoist interlock switch. This completes the 
guide tube lowering circuit, and hydraulic fluid 
under pressure is ported by a solenoid-operated 
control valve to the lower end of the guide tube 
operating cylinder, which depresses the guide 
tubes until they are resting on the elevating 
shoulder (which is at firing elevation). 

FIRING. —(See fig. 11-8.) When the rocket 
guides are aligned with the elevating shoulder, 
an adjusting bolt at the after end of the guides 
depresses the plunger of the firing interlock 
switch, closing it. At the same time the firing 
contacts on the rear of the elevating shoulder 
touch the contact bands on the rockets. If (as 
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Figure 11-7. —5-inch rocket launcher assembly 
Mk 102 Mod 0. Lowering the guide tubes. 


explained in the previous paragraphs on the 
firing circuit) all the other units in the circuit 
are set to fire, the firing current sets the rockets 
off. 

Meanwhile, the rocket lifter has reached the 
bottom of its stroke, and the hoist can be re¬ 
loaded. As soon as both rockets being fired are 
clear of the guide tube bores, bore-clear switches 
(one in each tube) close a circuit which through a 
solenoid causes a control valve to port hydraulic 
fluid under pressure to the upper end of the 
guide operating cylinder. The cylinder elevates 
the guide to loading position, and the cycle repeats. 

Because the Mk 102 has no mechanical hoist 
feed, its maximum rate of fire depends entirely 
on the efficiency of its loading crew. 

Crew Stations and Duties 

The normal crew required on this launcher 
comprises 11 or 12 men (depending on mount 
location). Figure 11-9 shows all of them but 
one—the launcher control man, who is sta¬ 
tioned above deck. In the handling room are 


FIRING INTERLOCK GUIDE TUBES (HELD 

SWITCH AGAINST FORWARD PART OF 



Mod 0. Guide tubes in firing position; lifter 
at bottom of hoist. 
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Figure 11-9. — 5-inch rocket launcher assembly Mk 102 Mod 0. Crew stations 
(rocket handling room and magazine). 


two first loaders, two second loaders, two rocket 
handlers, and the petty officer in charge. Here 
are their duties: 

LAUNCHER CONTROL MAN. When CONDI¬ 
TION ROCKET is set, all personnel forward of 
the ship's island are ordered below deck except 
the launcher control man. He casts loose the 


launcher in elevation and train, energizes the 
elevation and train power drives, and positions 
the power drive selector levers to AUTO. Then, 
at the blast of a siren, he goes below. 

FIRST LOADER. —A first loader is stationed 
at each loading opening of the ammunition hoist. 
He places the rockets on the rocket lifter. 
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SECOND LOADER. — A second loader assists 
each first loader and holds rockets on the load¬ 
ing tray before they are loaded into the hoist. 

ROCKET HANDLER. —The rocket handlers 
lift rockets from the cases in the handling room, 
or pass them from the ammunition scuttles of 
the magazine to the loading tray. 

PETTY OFFICER IN CHARGE. —The petty 
officer in charge supervises loading of rockets 
into the ammunition hoist, starts up the hoist 
drive, and acts as talker for the group. 

MAGAZINE MEN. —The magazine men as¬ 
semble the rocket body, motor, and fuze before 
the ammunition leaves the magazine. 

Maintenance 

The main operations in routine maintenance 
are inspection, exercise, cleaning, lubrication, 
and checking firing circuit. Less frequently 
you must paint, adjust, disassemble for thor¬ 
ough cleaning and repacking, and perform other 
more time-consuming operations. The frequency 
of the operations is prescribed in checkoff 
lists; the details of lubrication are given in 
lubrication charts. 

In the Mk 102 rocket launcher all moving 
parts such as latches and cams should be checked 
to see that they function properly and don't 
bind or jam in operation. Periodically examine 
electric cables on the guides and cradle to ensure 
that there has been no deterioration because of 
blast heat. Check electrical contacts and clean 
if necessary. Be sure to replace inspection covers 
(such as those on the firing stop mechanism, 
elevating gear worm drive, and the like) after 
inspection, and every time a cover is removed 
and replaced check the gasket to see that it is 
in satisfactory condition. Check all oil seals for 
leakage and replace if necessary; when replacing, 
make sure the oil seal faces in the proper dir¬ 
ection. When exercising the mount, operate it in 
elevation and train both in power and manually 
through the extremes of its movement; see that the 
limit stops function properly. 

Since frequency of lubrication of power drives 
depends on actual hours of operation, this should 
be logged. After every lubrication, exercise the 
equipment. In the ammunition hoist, check the 
accumulator before operating mount; pressure 
should be 600 psi with the oil chamber vented. 
Check flow control valve settings against the 
log, and check fluid level in the tank. The OP 


also prescribes a procedure for exercising the 
hoist with dummy ammunition. 

Misfire Procedure 

You have a misfire if a launcher ceases to 
operate during firing, with the hoist tubes loaded 
and firing power available. The firing circuit 
should remain energized, because misfire may 
be due to poor firing contact or functioning of 
the firing stop mechanism. Vibration, or moving 
the rocket guides, may fire the rockets. Rockets 
already loaded into the hoist tubes at the time 
of misfire must remain in the tubes until the 
assembly resumes automatic firing, or until the 
rockets can be safely removed. To correct the 
trouble, to prevent cook-off, and to resume nor¬ 
mal automatic fire quickly, when a misfire occurs, 
proceed as follows: 

Misfire procedure before "cease fire." 

1. Immediately connect the emergency water 
hose in the ammunition handling room to the 
cooling system. Open the main valve, and allow 
water to flow over the cradle until at least 
one minute after steaming has stopped. 

2. Do not attempt to remove the rockets 
from the guides until CEASE FIRE is sounded for 
all launchers, or until all launchers, whose 
lines of fire or exhaust are in line with the 
misfired launcher, have ceased firing. CAUTION: 
Prior to the removal of the rockets from the 
guide tubes, keep the oil pump motor in op¬ 
eration so the guides will stay in the firing pos¬ 
ition. 

Misfire procedure after "cease fire." 

1. Remove safety plug from firing panel. 
After 10 minutes, start to remove rockets from 
guide tubes. 

2. Stop the oil pump motor. Open the hand 
valve to vent the accumulator. The rocket guides 
will fall away from the elevating shoulder and 
clear of the blast deflector. But keep the loaded 
tubes from aligning with the hoist tubes. 

3. Stop the elevation and train power drives, 
and set the selectors at MANUAL. 

4. If necessary, depress the elevating shoulder 
to make room at the rear of the guides for 
rocket removal. Hold the guides away from the 
hoist tubes, manually retract the latches, and 
remove the rockets from the rear of the tube. 

5. If bomb disposal personnel are not avail¬ 
able, cast misfired rounds overboard in deep 
water without delay. 
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ANTISUBMARINE DEFENSE 

The Navy’s wartime mission is to maintain 
command of the sea so that we can use it and 
at the same time deny its use to the enemy. 
The guided missile adds a new method of attack 
by enemy naval vessels which can operate hund¬ 
reds of miles from our shores and still have 
the capability of launching guided missiles with 
nuclear warheads against our cities. It is no 
longer enough to prevent submarine attacks on 
our own or allied shipping and naval vessels, 
important as it is, it now becomes necessary to 
protect our own cities against missile carrying 
submarines wherever they may be. 

Against this threat, unprecedented in the 
history of warfare, it is the Navy's primary 
responsibility to maintain constant vigilance and 
to be continuously prepared to prevent and counter 
enemy attacks. "Antisubmarine warfare" (ASW) 
now has an added dimension. The new require¬ 
ment calls for finding and keeping under sur¬ 
veillance all enemy submarines before they can 
reach a position within missile launching range 
of our coasts. Because of this submarine threat 
our Navy forces have to be kept at sea for long 
periods. It should be understood that you as an 
active duty gunner's mate stand a very good 
chance of being called upon to participate in 
antisubmarine defense. 

Most of what has been developed by way of 
detecting, locating and attacking enemy submar¬ 
ines by our surface forces can not be revealed 
in this text due to security reasons. In this 
section we are primarily concerned with the 
types of equipment used to launch weapons against 
submarines. 

PROJECTOR MK 15 MOD 0 

The Mk 15 Mod 0 projector, (nicknamed 
"hedgehog") is used on DEs and DDs. It can 
fire 24 charges in rapid sequence so that they 
strike the water in a circular pattern about 200 
feet in diameter. 

The 65-lb missiles, called projector charges, 
are not rockets, though they contain their own 
propelling charges. The hollow cylindrical tail 
of the charge fits over a rod or spigot on the 
projector. When the charge's electric primer 
is ignited by a firing current through the firing 
pin in the spigot, it sets off the propelling 
charge. The gas produced by the burning pro¬ 
pellant, as it expands, exerts a downward thrust 
on the spigot and an upward thrust on the pro¬ 
jector charge. Since the spigot is supported 


by the ship, only the projector charge can yield 
to this thrust, which it does, thereby being hurled 
into a highly arched trajectory and into the water. 
The charges fuze arms after about 15 feet of 
travel in the water. 

Figure 11-10A shows the forward side of the 
projector, with the spigots; figure 11-11 shows 
the process of loading the spigots, and you can 
see how the charges fit over the spigots. 

General Data 

Weight of complete assembly, 


fully loaded (lb).18,985 

Diameter of salvo pattern (ft). 200 

Range (mean distance of 

pattern, yd). 188 

Time of flight (sec). 8 

Type of fire.Ripple 

Interval between firing pairs 

of rounds (sec). 0.2 

Total number of charges per 

loading. 24 

Maximum arc of train ( °). 360* 

Elevating limits ( ° ) from 
mean position. +30 


*This limit applies when a single train stop 
is installed. Maximum train possible when two 
stops are installed in 331°. 

Reference publication for Mk 15 mounts is 
OP 1745. 

Construction and Main Components 

As figure 11-10 shows, the projector is a 
rectangular carriage assembly on whose sloping 
front side are four transverse cradles, each 
bearing six spigots. The cradles can swing in 
limited arcs of elevation in trunnion bearings. 
All the cradles are cross-connected so that they 
are moved in unison by the elevating gear. The 
rear of the carriage mounts on the elevating 
and train controllers, the firing panel, andpartsof 
the power drive. The carriage as a whole ro¬ 
tates in train on a stand bolted to the deck. The 
lower base ring of the carriage, and the Stand, 
as well as the elevation and train electro- 
hydraulic power drives, are adaptations of the 
corresponding elements in the 40-mm quad mount. 

Now let us look at each major component in 
somewhat more detail. 

PROJECTOR STAND. —The stand is a large 
circular unit attached to the ship's structure by 
hold-down bolts. It supports all other projector 
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Figure 11-10. —Projector Mk 15 Mod 0. A. Front view. B. Left rear view. 
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Figure 11-11. — Loading the Mk 15 hedgehog mount. 


components and holds the carriage down. Others 
of its parts include the bearings in which the 
carriage turns, and a fixed ring gear which 
meshes with a training-gear pinion to turn the 
carriage in the stand. Associated with the stand 
are two train stop blocks bolted to the deck 
inside the stand. One block is installed when 
360° of train is required; two are used for 
331° or less of train. 

PROJECTOR CARRIAGE. — The projector 
carriage consists of two large main structural 
units, the lower base ring and upper base ring, 
and includes the projector cradle-frame assem¬ 
bly, elevating and training gear and their power 
drives, firing cutout mechanism, train stop and 
buffer, firing panel, and electrical installation. 

The cradles are four large parallel I-beam 
units, transversely pivoted in the frame, and 
cross-connected so that they move as a single 
unit. Each cradle mounts six fixed spigot sock¬ 
ets. Each socket holds a 14.5-inch steel rod 
or spigot on which the projector charge is 


loaded. Together the 24 spigots make up an 
upward and outward thrusting "hedgehog" ar¬ 
rangement, which aligns the 24 charges so that 
when they are fired they produce a circular 
pattern at the point of impact, as shown in 
figure 11-12. 

The main element of the elevating gear is an 
enclosed worm-and-worm wheel mechanism at 
the left side of the cradle frame, which can 
tilt the cradles through a total arc of 60°. The 
training pinion, which engages the ring gear in 
the stand, is driven by a similar arrangement. 
Both can be actuated either by the hydraulic 
power drive or manually. Train is limited by 
the carriage training stop buffer, an assembly 
of two hydraulic cylinders and pistons which 
engage the train stops on the deck inside the 
stand. 

The carriage firing cutout mechanism, a 
circular cam and follower device that actuates 
a switch in the firing system, is operated by 
the train worm drive through a takeoff drive 
shaft. The firing cutout, like those used with 
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Figure 11-12. —Projector Mk 15. Pattern 
of fire of a salvo. 


gun mounts, prevents the projector from firing 
charges into own ship’s structure. 

POWER DRIVES AND CONTROLS. — Elevation 
Power Drive Mk 5 Mod 20 is an electrohy- 
draulic type almost identical to that used on 
40-mm quad mounts. It combines an electric 
motor driven hydraulic transmission with an 
electrohydraulic type receiver-regulator. The 
train power drive is a similar electrohydraulic 
assembly—train power drives Mk 6 Mod 14, 
also derived from 40-mm quad mount equipment. 

The train and elevation power drive electric 
circuits are similar. Both include on-the-mount 
440-v a.c. electric controllers and motors, and 
115-v a.c. receiver-regulator synchro units. 
The power circuits include interlock switches and 
master pushbutton stations, in addition to the 
motors and controllers. The 115-v system in¬ 
cludes a receiver synchro-control transformer, 
a lag meter, an amplifier, a starting switch, and 
a hydraulic transmission stroke-control motor 
for each of the two power drives. The system 
works like the 40-mm systems with which you 
are already familiar. 

Firing Circuits 

Firing a salvo of charges from an Mk 15 
projector is different from firing a gun mount 
or rocket mount, and we give it special attention. 
The firing circuit (schematically shown in fig. 
11-13A) is a remotely operated system that 
fires the 24 projector charges in pairs at uniform 
intervals of 0.2 second. Components of the sys¬ 
tem are firing panel Mk 27 Mod 0 (fig. 11-13B), 
24 spigot firing pins, a firing cutout switch, and 
a 20-wire connection box. The system is divided 
into two parts: (1) a firing-current-supply circuit 
that includes a ripple switch through which the 
firing current passes to the spigot firing pins, and 
(2) a remotely operated solenoid that actuates 
a firing key to start the firing current through 
the ripple switch. The spring-operated, rotary 
ripple switch is mounted in the firing panel and 
must be manually wound up prior to each firing 
cycle. Included in this circuit is a transfer 
switch that has three positions, S (Safe), R 
(Ready to fire), and T (Test). The firing-key 
actuating solenoid, on the back of the firing 
panel, is energized remotely from the plotting 
room. The solenoid armature is linked through 
a rocker arm to the firing key, which fits on 
a square shaft through the center of the transfer- 
switch dial. When the solenoid is energized, the 
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Figure 11-13.—Projector Mk 15 Mod 0. A. Firing circuit (simplified schematic). 

B. Firing panel Mk 27 Mod 0. 







GUNNER’S MATE G 3 & 2 


armature is pulled up and the firing key down to 
fire position. 

The firing panel (fig. 11-13B), which is the 
main firing control on the projector, provides 
for proper distribution of the firing current and 
for testing the firing pins in each spigot. It 
houses the solenoid, ripple switch, A.C.-D.C. 
switch, transfer switch, calibration rheostat, 
and test indicator. 

The circuit of each pair of spigot firing pins 
is connected to a separate contact in the ripple 
switch, which has twelve live contacts labeled 
”1” through ”12” consecutively, and two dead 
points labeled "C” and ”F” (fig. 11-13A). The 
numbers indicate which pair of spigots is con¬ 
nected into the firing circuit. Letter F is the 
ready-to-fire position; C is the dead position 
after firing is complete. The switch is mechan¬ 
ically interlocked with the transfer switch to 
permit firing only when the latter is at ready 
position. Placing the ripple switch in F position 
winds up a spring. A pawl and ratchet device 
holds it cocked. When the solenoid trips the 
A.C.-D.C. switch, the ratchet releases, and the 
ripple switch rotates counterclockwise to C 
position, closing all twelve contacts in suc¬ 
cession. 

The A.C.-D.C. switch connects the firing-pin 
circuit to either the 20-v a.c. or 6-v d.c. supply, 
depending on firing key position. The key may 
be inserted either (1) with handle to the right 
(for a.c. firing) or (2) with handle to the left (for 
d.c. firing). (This can be done only with the test 
switch at SAFE.) The solenoid pulls the key 
handle down to start firing action. This action 
rotates the A.C.-D.C. switch to connect the firing 
current, while a cam on the switch shaft re¬ 
leases the ripple switch ratchet pawl. The solen- 
oil is energized through a separate 115-v a.c. 
circuit by a remote firing key. 

The transfer switch is in the firing circuit 
between the A.C.-D.C. switch and the firing cutout 
switch. At S position, the firing circuit is broken, 
and the firing key may be inserted into the 
A.C.-D.C. switch. With the switch at R, the 
circuit is completed. The T position, used for 
testing with the A.C.-D.C. switch at D.C., has 
the calibration rheostat and test indicator in the 
circuit. 

The test indicator and rheostat, which are 
used in testing the continuity of the firing cir¬ 
cuit, are respectively a common type of com¬ 
mercial milliameter and a variable resistor. 
The safety plug, through which both a.c. and d.c. 
firing currents must pass, is a safety device 


that must be kept OUT of its socket except 
when firing or testing is actually going on. 

Operation And Crew Stations 

In order to ensure safe handling of the am¬ 
munition and safe operation of the equipment, 
personnel should be thoroughly familiar with 
OP 2082. 

Operation of the Mk 15 projector includes 
four kinds of activities—preparation, loading, 
aiming, and firing. Normally, aiming and fir¬ 
ing require no personnel at the mount, but up 
to nine men are needed for preparing and load¬ 
ing. 

Preparation, which means getting the stowed 
projector ready for loading, includes removing 
protective canvas covers from the mount and 
spigots; withdrawing train centering pin and 
cradle stowing device; inspecting cleaning, and 
lubricating before starting; closing power supply 
switches, starting and exercising the power 
drives; and testing control, firing, and trans¬ 
mitter circuits. Loading requires placing 24 ex¬ 
plosive charges on the projector spigots. Aiming 
is normally remote-controlled from the plotting 
room; manual operation is intended for selecting 
the firing circuit supply; winding the ripple 
switch; and, finally, after the crew is clear, 
installing the safety plugs and closing the remote 
firing key. Closing the firing key operates a 
solenoid which releases the ripple switch, and 
the 24 spigot pins are energized in pairs at 
intervals of 0.2 second. All charges are cast 
within 2.2 seconds, and the final position of the 
ripple switch opens the firing circuit so that the 
mount cannot be fired again until the switch is 
reset manually. 

This firing method is the only one possible 
with this weapon, but there are two methods of 
elevation and train: automatic control and hand 
drive. Normally, the projector is trained and ele¬ 
vated in automatic control by the power drives, 
which are controlled remotely by signals from 
a plotting room director or from a manually 
controlled train indicator-regulator near the 
mount. Hand drive is a manual method of ele¬ 
vating the cradles and training the carriage, for 
lubrication and service maintenance only. 

The on-mount crew for the Mk 15 projector 
includes a mount captain, two first loaders, two 
second loaders, and two or more ammunition 
passers (as required). 

The mount captain's duties are essentially 
the same as those of the crew leader in any 
other form of gunnery. He superivses prepara- 
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tions for operating, loading, and reloading. He 
sees that all safety precautions are observed. 
He checks the condition of the mount and am¬ 
munition before firing, and when satisfied that 
the projector is correctly loaded he personally 
performs the firing-preparation action, selecting 
the firing current supply, winding the ripple 
switch, and setting the train and elevation switches 
for power operation. He must then report "All 
clear and ready for firing" to the plotting room. 

When the firing circuit has been closed, the 
mount captain reports to the plotting room on 
the successful launching or misfire of all 24 
charges. In the event of misfire he must, after 
taking the necessary precautions, reset the rip¬ 
ple switch to repeat firing. After this, he must 
again report to the plotting room. He also 
supervises circuit testing procedures before and 
after reloading the projector. At the end of 
firing operations he supervises securing the 
mount. 

Each first loader receives a projector charge 
from the second loaders, lowers it gently onto 
a spigot, then rotates it a full turn to ensure 
good electrical contact between firing pin and 
cartridge primer. Eachfirst loader, when ordered 
by the mount captain, removes the fuze caps and 
safety pins from the 12 charges that he has 
loaded. This is done after the firing circuits 
are checked with spigots loaded. 

Each of the two second loaders has different 
duties in preparing the mount for operation and 
in loading. 

The second loader at the right of the mount 
secures the carriage in train during loading, 
and transfers projector charges from an am¬ 
munition passer to the first loader on his side. 
When both first loaders are clear, after load¬ 
ing, he releases the train centering pin. The 
second loader at the left of the mount locks the 
cradles during loading, and passes projector 
charges to the first loader on his side. After 
loading is completed and both first loaders are 
clear, he unlocks the cradles. 

The ammunition passers break out the charges 
from the ready-service lockers, inspect them, 
and pass them to the second loaders. In addition, 
one ammunition passer acts as starting control- 
man to operate both the train and elevation 
controllers, closing the disconnect switches when 
ordered by the mount captain. 

If cradles or the carriage must be manually 
driven to stow them in preparation for loading, 
ammunition passers operate the handcranks. 


Maintenance 

The projector, because of its exposed position 
and lack of shielding, requires careful routine 
upkeep, especially lubrication. Follow the lub¬ 
rication charts carefully, particularly for items 
which must be lubricated daily, weekly, and 
before or after firing. But avoid excessive 
lubrication, which can damage electrical parts, 
and cause puddles on the deck that make for 
hazardous footing. Don't lubricate fire control 
gear; that's for the FT to deal with. 

Be sure to open drain plugs periodically to 
avoid • accumulations of moisture and contami¬ 
nated lubricants. 

Periodically check mechanical and electrical 
parts as called for by the OP. Check and exercise 
the power drives; they are similar to the drives 
you are already acquainted with in 40-mm mounts, 
and have similar requirements. 

Fire control transmission checks should be 
performed as required by the ASW or weapons 
officer. 

Misfire Procedure 

In the event of a misfire, the misfiring charge 
will remain on its spigot after the others have 
departed. If this happens, hold the firing key 
down, operate the ripply switch clockwise through 
its full rotation, then release it. If the charge 
still doesn't fire, treat it as a hangfire. Keep 
all personnel at a safe distance, and, if possible, 
delay further operation for at least 30 minutes 
after the last attempt to fire while the projector 
is kept trained on a safe bearing. Then remove 
the safety plug from the firing panel. After this 
interval, remove the defective round and dispose 
of it as recommended by bomb disposal personnel. 
If in doubt, give it the deep six. 

PROJECTORS MK 10 AND MK 11 

The construction and functioning of hedgehog 
projectors Mk 10 and Mk 11 are similar to the 
Mk 15. Here we'll concentrate on the differences. 

Characteristics And Construction 

Like the Mk 15, the Mk 10 and Mk 11 pro- 
jecotrs fire charges from 24 spigots, and these 
land in a roughly circular pattern, but the spig¬ 
ots are mounted on four I-beam cradles which 
are parallel to the length of the mount instead of 
transverse to it. The salvo pattern is an ellipse 
about 140 x 120 feet for the Mk 10 andMk 10 Mod 
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1, and a circle about 200 feet in diameter for 
the Mk 11. Range to the center of the pattern is 
200 yards for Mk 10 and Mk 10 Mod 1, 188 yards 
for Mk 11. But the mount base frames do not 
train; instead they are secured to the deck. A 
certain amount of ’’train” is possible by tilting 
the trunnion-mounted cradles; they are joined at 
the after end by a connecting bar linked to a 
hand-driven roll correction gear assembly (fig. 
11-14). Naturally, the pattern is distorted when 
the cradles are tilted; the pattern flattens and 
approaches a straight line at full tilt. There¬ 
fore the ship as a whole is aimed so far as 
practicable, and the tilting is used to make 
minor corrections. 

The Mk 10 and Mk 11 projectors are about 91 
inches long, 67 inches wide, and 75 inches high, 
and weigh about 6,600 pounds fully loaded. The 
reference for Mk 10 and Mk 11 mounts is OP 
1001, which also covers their ammunition. 

The on-mount accessories used with the Mk 
10 and Mk 11 projectors are a firing panel and a 
gun train indicator; an off-mount target designa¬ 
tion transmitter controls cradle tilt. These are 
discussed further in the following paragraphs. 

Mount Equipment And Operation 

In general, the mount operations for the Mk 
10 and Mk 11 projectors resemble those for the 
Mk 15, so far as loading and firing are concerned 
although there are some differences in fire 
control. 

The actual direction of fire with respect to 
the ship is determined by the off-mount target 
designation transmitter, which receives own 
ship's course electrically from the gyro com¬ 
pass, receives gun train order (true target 
bearing plus lead angle) cranked in manually by 
its operator, and through gearing converts train 
order to cradle tilt angle. The transmitter 
operator corrects for yawing of the ship by 
keeping his pointers matched. The tilt signal is 
transmitted by synchro to the gun train indicator. 

The gun train indicator on the mount is lo¬ 
cated behind the blast shield just above the roll 
correction gear assembly. It contains a gyro¬ 
scope which with a pointer continuously indicates 
true vertical while in operation, and, as a stand¬ 
by for this purpose, a bubble-type level tube 
(fig. 11-15). The tilt order synchro signal from 
the transmitter is fed to a synchro receiver, 
whose rotor moves a pointer over the gyro 
scale. The mount train operator manning the 
roll correction gear works the handcrank to tilt 
the cradles; this through gearing also rotates 


the stator of the synchro receiver, and hence 
the tilt pointer. Thus, as he matches the gyro 
pointer with the synchro-driven tilt pointer, the 
operator corrects for ship's roll and keeps the 
cradles tilted at order angle. If the gyro should 
fail, he uses the level bubble instead of the gyro 
pointer. In the event of synchro failure, the 
synchro receiver can be locked and tilt can be 
manually introduced through the "standby gun 
train knob.” Except when actually in use, the 
gyro must be kept "caged” or locked by setting 
the handcrank. 

The firing panel on the mount looks and 
works much like the one on the Mk 15 (fig. 
11-16). The test indicator and calibration rhe¬ 
ostat are used in testing the firing circuits. 
These tests are made both before loading and 
after loading but before firing. The spring- 
driven ripple switch closes the firing circuit 
sequentially by pairs to the 24 charges in 12 
stages. The switch is wound up by turning it 
clockwise to F, and rotates through its cycle 
when released by depressing the firing key. 

The key fits onto a square shaft in the middle 
of the transfer switch for firing and testing. 
When inserted with handle to the right, it sets 
the firing system for a.c. firing (from a trans¬ 
former) ; with handle to the left, the firing cir¬ 
cuit operates on d.c. from a battery. Depressing 
the key closes the firing circuit and releases the 
ripple switch. Except for actual firing and testing, 
the key must be removed from the firing panel, 
even for operating the transfer switch. 

The transfer switch has three positions— 
safe (S), test (T), and fire (F). 

A safety plug opens the firing circuit when 
removed from its receptacle. 

Mount operations, in summary, are as fol¬ 
lows: 

1. Before loading, the mount must have been 
lubricated and firing circuit tested. 

2. Ammunition passers inspect the charges 
for satisfactory condition, then pass them to the 
loaders, who load them on the inboard cradles 
first and work outward. Each charge must be 
spun 360° on its spigot to ensure good contact 
with the firing pin. The cradles are locked on 
zero tilt during loading, the transfer switch is 
on S, and the safety plug is out of its socket. 

3. If time permits, the mount train operator 
then tilts the loaded cradles both ways into their 
stops to verify that there is no interference. Then 
the fuze caps and fuze safety pins on the ammuni¬ 
tion must be removed. Save the caps and pins; 
if the ammunition is not fired they can be replaced. 
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Figure 11-14. —Projector Mk 10 Mod 1 or Mk 11. A. Rear. B. Front. 
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Figure 11-15. —Projector Mk 10 Mod 1 or Mk 11. Gun train indicator Mk 52. B. Face. 

A. Internal schematic. 


But they are NOT to be replaced if through 
accident the fuzes become armed. After loading, 
all personnel must retire behind the blast shield. 

4. Meanwhile the gun train indicator should 
be energized and the gyro uncaged by turning 
the caging hand COUNTERCLOCKWISE (never 


clockwise). See that tilt angle order is coming 
in from the transmitter. 

5. Next, insert the safety plug in firing panel, 
test primer circuits, set the transfer switch 
as necessary, the tilt cradles to order angle. 
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84.234 

Figure 11-16.—Projector Mk 10 Mod 1 or Mk 11. Firing panel. 


insert the firing key, and set (wind) the ripple 
fire switch. 

6. On signal, fire by depressing the firing 
key. Keep the key down until the ripple switch 
stops. If necessary, reset the ripple switch and 
repeat fire to clear all charges off the spigots. 
Then remove the key and safety plug. Lock 
cradles at zero tilt, and reload and prepare for 
another attack if ordered. 

7. To secure the mount, lock the cradles 
at zero tilt, cage the gyro and deenergize the 
gun train mount indicator. 

Maintenance of the Mk 10 and Mk 11 pro¬ 
jectors is like that for the Mk 15, only simpler. 
(There's no power drive to worry about.) It's 
especially important to keep electrical parts dry 
and to perform lubrication as required by OP 
1001 . 

ASROC WEAPON SYSTEM 

A more advanced antisubmarine weapon sys¬ 
tem, called ASROC, now is installed in many 
combat ships. It is the Navy’s most effective 
ASW weapon. The ASROC weapon (antisubmarine 
rocket) is a surface-ship launched rocket, carry¬ 


ing a nuclear depth charge or a homing torpedo. 
It is used against deep diving fast submarines. 

The ASROC weapon system is an integrated, 
surface-to-subsurface system that detects a sub¬ 
marine at long ranges, determines the sub¬ 
marine's speed and course, computes the op¬ 
timum water entry point for a selected payload 
(weapon), and fires a range-controlled, unguided 
rocket propelled payload to thatpoint. The payload 
then either sinks to a preset depth (depth charge), 
or begins an acoustic search pattern (torpedo), 
depending upon the payload (fig. 11-17). Ships 
with ASROC installations include frigates, de¬ 
stroyer escorts, destroyers, and missile ships. 
The entire ASROC system includes sonar, fire 
control, and the launching unit. Sonar and fire 
control will not be covered in this chapter. We 
cover the units of the Mk 16 ASROC launching 
group which are. of interest to the GMG rating. 

Mk 16 Launching Group 

The Mk 16 launching group (fig. 11-18) is 
comprised of the following components*. 

1. Launcher Mk 112 

2. Launcher and Missile Simulator Mk 6 
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3. Launcher Captains Control Panel Mk 199 

4. Power Control Panel Mk 198 

5. Power Drive Amplifier Mk 153 

LAUNCHER MK 112. —The ASROC launcher 
stows and launches rocket-thrown weapons, and 
when its control equipment is connected into the 
ship's fire control equipment it becomes part of 
an integrated automatic ships weapon system. 
Launcher Assembly Mk 112 consists of a stand- 
mounted trainable carriage, (fig. 11-19) which 
supports four individually elevating guides. Each 


guide contains two separate cells that can stow 
and launch two ASROC missiles. Each guide con¬ 
tains two separate cells which have extendible 
rails. Each cell has a restraining latch and 
snubber mechanism which, when engaged, pre¬ 
vents motion of the missile. Only one guide can 
be elevated at a time. The launchers response 
is swift and controlled automatically by two 
electric-hydraulic power drives, one for train and 
one for elevation. The launcher is also equipped 
with two air driven motors for train and ele¬ 
vation and are used to move the launcher at 
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04.286 

Figure 11-18. —Launching group Mk 16, typical equipment arrangement. 


greatly reduced speeds for maintaining, ser¬ 
vicing, and loading. The major components of 
the launcher Mk 112 are: 

1. Stand Mk 107 

2. Carriage Mk 7 

3. Guide Mk 7 

4. Train and elevation power drives 

STAND MK 107. —The stand is secured to 
the ship's deck and supports the launcher. The 
major components of the stand are shown in 
figure 11-20, and are listed below: 

1. Training circle 

2. Lower base ring 

3. Roller bearing and roller path 

4. Stationary mounting ring 

The training circle is a fixed ring gear that 
meshes with the train power drive pinion. The 
pinion, when rotated by the power drive, walks 
around the training circle, causing the launcher 


to train. The training circle is bolted to the 
stationary mounting ring. The inner lower surface 
of the training circle holds the lower base ring 
and stand. 

The lower base ring is bolted to the carriage 
and is supported in the stand by three sets of 
roller bearings. The rollers and roller parts are 
constructed of hardened chromium-plated and 
polished steel. For lubrication of the roller 
bearings, lubrication fittings are provided in the 
stationary mounting ring. 

The stationary mounting ring is bolted to the 
ship's deck through holes drilled in the outer 
flange of the mounting ring. The inner flange of 
the mounting ring provides a seat for the lower 
roller bearings, and this supports the weight 
of the launcher. 

CARRIAGE MK 7. —The carriage (fig. 11-21) 
supports all the trainable parts of the launcher 
except the guides, (the guides are supported by 
the torque tube) and the lower base ring, (sup- 
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Figure 11-19. —Launcher Mk 112, view looking forward at left side. 


ported by the stand). The major components con¬ 
sist of; 

1. The upper base ring 

2. Torque tube supports 

3. Torque tube 

The upper base ring mates with the lower 
base ring. Power drives, train gear drive, torque 
tube supports, rail selector and missile select 
relay rack, actuating cylinders for elevation stow 
latch and guide drive pin assembly, and other 
smaller assemblies are mounted on the upper 
base ring. 

The torque tube supports (fig. 11-21) are equip¬ 
ped with bearings in which the torque tube rotates. 
The lower half is installed in a bearing cap. 


The torque tube (fig. 11-21) is the primary 
support for the four guides. It is mounted in the 
bearings of the torque tube support. A buffer arm 
is installed at one end of the torque tube; an 
elevation sector gear is installed at the other 
end. Four holes, evenly spaced along the torque 
tube receive the guide drive pins. The guide 
drive pin connects the guide to the torque tube. 
The sector gear, transmits the elevation power 
drive output to the torque tube. Two switches are 
actuated by a cam on the sector gear. One 
switch indicates when the torque tube is near 
0° elevation, the other switch indicates when the 
torque tube is at 0° elevation. The guide drive 
pin and elevation stow latch are operated by a 
single cylinder and are interconnected by link¬ 
age. The stow latch arm holds the guide at the 
’’stow" position, while the guide drive pin con- 
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nects the guide to the torque tube. Both units 
are mechanically arranged so that the stow- 
latch arm is released after the guide drive pin 
is partially engaged by the torque tube. 

When the guide elevates, the guide drive pin is 
kept engaged by the torque tube by riding on a 
segment of circular track mounted on the carriage 
structure. This overlapping action of partial 
engagement and disengagement of the latch and 
pin ensures positive control of the guide. Operation 
of the latch and pin is shown in figure 11-22. 

GUIDE MK 7. — Guide (fig. 11-23) is arranged 
to stow and launch two missiles. Each guide has 
two cells that are equipped with a launching rail 
which is extended before firing to guide the 
missile out of the cell and into its flight path. 
The forward end of each missile cell is enclosed 
by a door. This door is opened by the launching 
rail as the rail is extended (fig. 11-23). To 
protect the missiles from weather, the aft end 
of each cell is fitted with a flexible cover 
(fig. 11-19). When the missile is fired, this 


cover is ruptured by the missile blast, and must be 
replaced. 

Each cell is equipped with side and bottom 
snubbers, restraining latches, and hydraulic and 
pneumatic equipment for actuating and controlling 
the various guide components. 

Two bottom snubbers and four side snubbers 
are used to prevent radial movement of a stowed 
missile. The snubbers are extended for stowage 
and retracted for firing by air pressure (pneu¬ 
matic system). 

The restraining latch functions as a firing 
detent during launching and at all other times 
serves as a positive lock against fore-and-aft 
movements of the missile. The latch engages 
the restraining lug of the missile. The restraining 
latch and snubbers operate together by a switch 
located on the launcher captains control panel. A 
manual release mechanism is provided to retract 
the restraining latch during loading and unloading. 
Figure 11-24 shows a schematic arrangement of 
the latch locked and the snubbers extended. 

TRAIN AND ELEVATION POWER DRIVES.— 
The power drives consist of an electric power 
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Figure 11-22.— Elevation stow-latch and guide drive-pin arrangement. 
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Figure 11-23. —Cutaway view of guide Mk 7 Mod 1, ASROC loaded. 


motor, an A-end hydraulic pump, an enclosed 
gear train, a stroke control assembly, and a 
transfer valve. Electric hydraulic controls control 
the direction and volume of fluid output of the 
A-end pump. Power drives were explained in detail 
in chapter 8 of this text. 

Launcher and Missile 
Simulator Mk 6 

The launcher and missile simulator Mk 6 
simulates launcher and missile functions without 
using the actual equipment, and is used to train 


ASROC weapon system operating personnel. The 
simulator avoids the potential danger of accident¬ 
ally firing a missile during training exercises. 
It also permits simulating system malfunctions, 
for training in emergency operation and trouble¬ 
shooting. 

Launcher Captain's 
Control Panel Mk 199 

The launcher captain's control panel enables 
the launcher captain to either operate the launcher 
locally, or transfer launcher control to the attack 
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Figure 11-24. —Guide Mk 7 Mod 1, launching group Mk 16-pneumatic and hydraulic operational 
schematic-launching rail retracted and snubbers extended. 
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Figure 11-26. — Weapon status and firing condition display, launcher captain's control 

panel Mk 199 Mod 1. 


console for remote operation. The panel display 
includes indicators for monitoring the status 
of the missile, as well as related launcher con¬ 
ditions. The launcher captain's control panel 
(fig. 11-25) contains equipment for controlling 
the following operations: 


1. Training and elevating the launcher in local 
control. 

2. Extending and retracting the rails in step 
control. 

3. Extending and retracting the latches and 
snubbers in step control. 
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4. Selecting cell and missile. 

5. Manually plugging-in and transferring the 
firing circuit source. 

6. Auxiliary firing. 

7. Interrupting cell and missile selection in 
step control. 

The launcher status display windows illuminate 
to disclose the following cell conditions for all 
eight cells (fig. 11-26). 

1. Type of missile stowed in each cell, (tor¬ 
pedo or depth charge). 

2. Cell number and type of missile selected. 

3. Dud and empty cell. 

Three sections across the top of the launcher- 
status display (fig. 11-26) (torpedo, permission, 
depth charge) indicate the type of weapon to be 
selected and permission to fire—decisions made 
by the commanding officer. 

Power Control Panel Mk 198 

The power control panel (fig. 11-27) enables 
the launcher captain to energize the launcher 
and start the launcher power drives. The power 
control panel contains equipment which performs 
the following functions: 

1. Connects and disconnects the ships main 
power supply. 

2. Prevents overloads in the main power 
supply. 

3. Connects lighting and selection circuits to 
normal or alternate power supply sources. 

4. Connects rectifier circuits and relay- 
transmitter circuits through switching in 
either normal or alternate power sources. 

5. Starts and stops the train and elevation 
power-drive motors. 

Power Drive Amplifier Mk 153 

The power drive amplifier receives order 
signals from either the attack console or the 
launcher captain's control panel. The amplifier 
modifies, amplifiers and converts order signals 
into direct current values for controlling the 
train and elevation power drives. Amplifiers 
were explained in chapter 7 of this text. 


NUCLEAR WEAPONS 

Rules for peacetime operation of nuclear 
weapons systems issued by the Chief of Naval 
Operations along with official Naval Ordnance 
Systems Command special weapons check lists 
are mandatory directives which must be followed. 

Adherence to the two-man rule is mandatory. 
The two-man rule requires that a minimum of two 
authorized persons, both capable of detecting 
incorrect or unauthorized procedures andfamiliar 
with pertinent security requirements, must be 
present and in a position to observe during all 
operations that require admittance to any portion 
of a nuclear weapon or its delivery system or that 
could permit arming, launching, or firing of a 
weapon. 


POINT DEFENSE 

The basic point defense surface missile system 
(BPDSMS) has been developed to improve the 
self-defense capability of ships presently without 
missile defenses. TheBPDSMSprovidesatactical 
weapon for all-weather defense against air and 
surface targets. This system comprises two 
major subsystems; fire control system Mk 115 
Mod 0 and guided missile launching system 
(GMLS) Mk 25 Mod 0. These subsystems function 
together to detect and track a target, and to fire 
and guide the Sparrow missile to target intercept. 
The GMLS can be operated in three modes; local, 
remote, and remote-assigned. In local mode, the 
launcher is controlled from the launcher control 
panel for missile loading, checkout and mainten¬ 
ance. In remote mode, the launcher is in a service- 
ready condition, with the launcher positioned at 
zero cable twist awaiting assignment to the fire 
control system. In remote assigned mode, the 
launcher responds to orders from the fire control 
system to aim and launch Sparrow missiles. This 
system will be operated and maintained by per¬ 
sonnel in the GMG rating, as gunner’s mates 
we are primarily concerned with the launcher 
assembly and not the fire control system. In 
this section we explain the functions of the 
components making up the GMLS Mk 25. 

GUIDED MISSILE LAUNCHING 
SYSTEM MK 25 

The GMLS Mk 25 (fig. 11-28) provides ready 
service stowage facilities for a maximum of 
eight Sparrow missiles, means for pre-launch and 
firing signals to a selected missile, and a 
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Figure 11-27. —Power control panel Mk 198. 
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launching platform for the missiles. The GMLS 
also is used for crew training and system check. 
The GMLS consists of the following major com¬ 
ponents: 

1. Guided missile launcher Mk 128 Mod 0 

2. Launcher control panel Mk 288 Mod 1 

3. Relay power supply Mk 143 Mod 0 

4. Control panel Mk 65 Mod 3 

5. Amplifier Mk 40 Mod 4 


6. Train and elevation amplidyne motor gen¬ 
erator Mk 6 Mod 1 

7. Firing power supply Mk 143 Mod 0 

8. Launcher area safety switch 

9. Sparrow missile 

Launcher Mk 128 Mod 0 

The guided missile launcher (fig. 11-29) con¬ 
sists of launcher guide, a carriage and stand. The 



BASE RING TRAIN LIMIT TRAIN CENTERING 'STAND 

STOP SUFFER PIN ASSEMBLY MK 22 MOD 4 

ASSEMBLY 


167.607(84A) 

Figure 11-29. — Guided missile launcher Mk 128 Mod 0, rear view. 
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guide contains eight missile cells, each with a 
rail that supports and guides the missile during 
loading, storage and launching (fig. 11-28). Two 
doors at the front of each cell open mechanically 
for missile launching and provide access to the 
cell for maintenance. The carriage (fig. 11-30) 
supports the launcher guide and all components 
that rotate in train. Components of the carriage 
provides buffer action when the launcher trains 
and elevates into positive limit stop, these 
components lock the launcher in train and ele¬ 
vation when stowed, and interrupt the firing cir¬ 
cuit when the guides are pointed at the ships 
structure. The train and elevation power drives 
are also mounted on the carriage. The stand 
(fig. 11-31) is a cylindrical flanged steel casting. 
The inside flange supports the lower thrust 
separator. The top flange is the attaching surf ace 
for the training circle gear. Nine equally spaced 
lubrication fittings for the thrust and radial 
roller separator assemblies are located on the 
stand. Two thrust roller separator assemblies 
(fig. 11-31) are mounted in a concentric and 
parallel arrangement on the lower base ring. The 
assemblies consist of an upper and lower roller 
path, a separator, and cylindrical rollers. The 
upper separator assembly serves as a holddown 
and the lower separator assembly supports the 
weight of the launcher. The radial roller sep¬ 
arator assembly fig. 11-31 is similar in con¬ 
struction to a thrust separator except that the 
rollers are installed vertically. The radial roller 
separator is mounted between the stand and the 
lower outside edge of the lower base ring. This 
separator absorbs radial (horizontal) loads and 
maintains concentric alignment of the stand. 

Launcher Control Panel (LCP) 

The LCP Mk 288 Mod 1 (fig. 11-32) is a con¬ 
sole type assembly that houses controls, indica¬ 
tors, fuses, and electronic equipment for operating 
the GML. The LCP contains switching circuits 
for the 60 Hz power circuits, 400 Hz missile 
warmup circuits, and the 28 VDC missile se¬ 
quencing and firing circuits. All of these circuits 
except the firing circut are controlled at either 
the LCP or the fire control panel (FCP), with the 
missile firing circuits controlled only from the 
FCP. The LCP provides controls and indicators 
for loading, servicing and testing the launcher. 
The LCP consists of a launcher operation con¬ 
trol panel assembly and a local director door 
assembly. 

The launcher operators control^panel assembly 
contains indicator lights and switches for op¬ 


erating the launcher in local control. Indicator 
lights show launcher ready status and safe firing 
zone status. Meters measure missile elapsed 
time (warmup), and launcher running time. 

The local director door assembly contains the 
train and elevation handwheels for local control 
of the launcher and a rectangular display window 
for viewing the indicating dials for cable twist 
and coarse and fine train and elevation control 
signals. A safe normal switch is also located 
on this assembly and is used to deenergize the 
missile firing power supply when in local or 
remote operation mode. 

Relay Power Supply 

Relay power supply (fig. 11-28) supplies 28 
VDC for the missile system relays and indicators. 

Control Panel 

The control panel, Mk 65 Mod 3 (fig. 11-28), 
receives ship 440 VAC 3-phase electrical power 
and distributes it to the power drive circuits. 
This panel contains timing relays that control 
the sequence of motor generator starting and 
houses the power drive main circuit breaker. 
The panel also houses plate and filament trans¬ 
formers for amplifier Mk 40 Mod 4 and a step- 
down transformer for the 115 VAC power drive 
control circuit. 

Amplifier 

The amplifier Mk 40 Mod 4 (fig. 11-28) con¬ 
tains the elevation and train amplifier assemblies, 
a power supply assembly, a cable twist control 
assembly, motor field control assembly, heat 
exchanger, and terminal board panel. The train 
and elevation amplifiers supply controlling volt¬ 
ages to the motor generators. The power supply 
furnishes direct current power to the amplifier 
assemblies and the motor field control assem¬ 
bly. When the launcher is in remote mode 
operation, the cable twist control assembly en¬ 
sures that the launcher cannot be stowed with 
360 degrees of cable twist. The motor field 
control assembly supplies the rectified field 
current for drive motor field excitation. The 
heat exchanger circulates air for cooling the 
amplifier components. 

Motor Generator 

The GMLS employs two motor generator (amp- 
lidynes) Mk 6 Mod 1 as shown in figure 11-28. 
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Figure 11-30. — Carriage Mk 11 Mod 0. 
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Figure 11-31. —Stand Mk 22 Mod 4. 
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Figure 11-32. —Launcher control panel cabinet assembly. 
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One is used for train, and the other is used for 
elevation. The motor generator is a motor driven 
generator amplifier that provides a high-powered, 
precisely-controlled output to the drive motor. 
The output is regulated by a low-power input 
from the amplifier. 

Firing Power Supply 

Firing power supply Mk 144 Mod 0 (fig. 11-28) 
provides 28 VDC to fire the missile auxiliary 
power supply and rocket motor squibs. 

Safety Switch (SMX-4) 

The launcher area safety switch (fig. 11-28) 
prevents movement of the launcher by the power 
drives when connected and the safety switch is 
not depressed. This switch is the observer's 
safety device, used when personnel are perform¬ 
ing maintenance or tests on the launcher. 

Sparrow Missile 

The Sparrow missile is a supersonic surface- 
to-surface or surface-to-air boost guided missile 
that employs semi-active homing guidance. The 
missile is propelled by a solid propellant rocket 
motor and carries a high explosive warhead. 

Operation 

Operation of the Mk 25 GMLS includes three 
modes of control for loading testing and firing a 
Sparrow missile. Normal aiming and firing are 
controlled by the FCS when in remote-as signed 
mode and is the only mode in which a missile 
can be launched. The procedures for activating 
all modes of operation are similar except for 
local control mode. In any other mode except lo¬ 
cal the LCP can be unmanned after the pre¬ 
operation procedures have been completed. 

Before electrically activating the launcher, 
preoperation procedures must be performed at 
the launcher. These procedures release mechan¬ 
ical locks securing the launcher against inadvert¬ 
ent movement and close interlock switches to 
permit electrical activation of the launching 
system. 

The GMLS is activated from either the FCP 
(in remote or remote assigned mode) or the LCP 
in local control mode. As stated early the three 
modes of operation are local, remote, and re¬ 
mote assigned. 


LOCAL MODE. — The local mode of operation 
is used for loading, testing and performing main¬ 
tenance on the launcher. When operating in 
local mode, the LCP controls and indicates the 
sequence of operation from turn-on through 
shutdown. Although the missile control circuits 
are routed through the LCP, the panel does not 
contain any switches or controls for the missile 
electric circuits. 

REMOTE MODE. —The remote mode of op¬ 
eration usually is used in conjunction with, but 
before, operation in remote assigned mode. 
Operation in remote mode allows the launcher 
to remain static (in the stowed or zero cable 
twist position) while the FCS is searching for a 
target or while tracking a target that is out of 
missile range. 

REMOTE ASSIGNED MODE. —The remote 
assigned mode is the only mode in which a 
Sparrow missile can be launched. Except for the 
preoperation procedures performed at the LCP, 
the missile systems activation and operation is 
controlled entirely from the fire control panel. 

Fire Control Panel (FCP) 

The FCP is part of the FCS and contains 
all the necessary circuits for controlling and 
monitoring the status of the FCS and the GMLS, 
including each missile in the missile system. 
The panel operator makes missile system and 
fire control decisions, initiates the missile firing 
sequence and fires the missile. The FCP receives 
target data signals (range, altitude, bearing 
and speed) from the missile director and pro¬ 
vides the operator with a visual indication of 
target's status. 

A fire switch located on the FCP controls the 
firing of all missiles and, when depressed, gen¬ 
erates the motor fire trigger signal that ignites 
the missile's auxiliary power supply (APS). 
When the missile's power supply reaches a 
preset value, a time delay interlock is com¬ 
pleted. This interlock completes the 28 VDC 
firing signal circuit to the rocket motor squibs. 

The missile is held on the rail by afire- 
thru-latch until the rocket motor thrust in¬ 
creases to approximately 1450 pounds. The re¬ 
straint of the fire-thru-latch is then overcome 
by the rocket thrust and the missile is released. 
As the missile leaves the rail a missile away 
switch is closed which permits sequencing the 
firing order to the next missile to be fired. 
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CHAFFROC DECOY SYSTEM 

Ships engaged in shore bombardment are 
required to approach enemy shorelines where 
they may be detected by radar and come under 
attack by air or by shore gun or missile bat¬ 
teries. Under such circumstances decoy targets 
sometimes are used to confuse the enemy. 

Decoy targets that present false images to 
enemy radars were first used in World War n, 
when Army Air Force units dropped strips of 
aluminum foil called "chaff” or "window" from 
their planes. Attempts to use projectiles carrying 
chaff heads have been made but have not proved 
to be successful due to the limited capacity of 
the projectile. To oppose the effectiveness of 
enemy missile guidance systems and radars the 
shipboard chaff decoy (CHAFFROC) system of 
produc^ig decoy targets was developed. 

The CHAFFROC system is designed to con¬ 
fuse enemy radar missile guidance systems by 
placing single or multiple decoy targets in the 
sky, utilizing a chaff-filled racket head. This 
system can fire rockets at preplanned angles 
of elevation and train to burst at a certain time 
and have the chaff bloom into a decoy cloud. 
Eventually, all combat ships will be equipped with 
a CHAFFROC weapon system. This consists of: 

1. Chaff rocket. 

2. Launcher assembly. 


3. Firing circut. 

4. Ready stowage lockers. 

CHAFF ROCKET 

The chaff rocket uses a standard ZUNI rocket 
motor; a chaff decoy head; and a mechanical, 
adjustable timer. A pyrotechnic device activated 
by the timer bursts a restraining ring allowing 
the head to open and the chaff to bloom (fig. 
11-33). Details concerning the complete rocket 
assembly are not discussed due to its security 
classification. 

LAUNCHER 

Essentially the launcher consists of an air¬ 
craft launching pod (fig. 11-34), containing four 
chaff rockers. The pod is attached to a launcher 
mount that can be moved in elevation and train 
(fig. 11-35). The base of the mount is bolted to 
the deck and supports a aircraft pod. The launcher 
can be manually adjusted for elevation from 0 
to 40 degrees and can train 300 degrees. The 
major components of the launcher are the stand 
and carriage. 

Stand 

The stand supports the launcher and provides 
bearing surfaces for rotation in train. The base 
of the stand is indexed for every 5 degrees of 
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84.292 

Figure 11-33.—Chaff rocket trajectory. 
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Figure 11-34.— Zuni rocket. A. Closeup, fins folded; B. Loaded Zuni launcher. 


train and contains the stationary element for the 
train lock. 

Carriage 

The carriage includes all trainable parts of 
the launcher except the electrical cable installa¬ 
tions. The major components of the carriage are 
the carriage structure, the elevation dial and the 
train lock. 

The carriage structure is a steel weldment 
that rotates about the stand and provides trunnion 
supports for the elevation hand drive A frame. 

The elevation dial is marked in increments 
of 1 degree from 1 to 40 degrees. It provides 
visual information for reading elevation angle. 


The train lock is operated by rotating a 
handwheel keyed to a lead screw which positions 
the train locking lever to lock or release the 
launcher in train. The launcher is locked in 
train by engaging the teeth of the train locking 
screw with matching teeth on the launcher stand. 

Firing Circuits 

The electrical ignition system for each laun¬ 
cher pod contains a rotatry type intervolometer 
stepping switch located on a bulkhead near the 
launcher. It is so designed that when single fire 
mode is employed, the intervolometer is ac¬ 
tuated as a stepping switch and fires one rocket 
on each ignition pulse from the firing circuit. 
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Figure 11-35. — Manually operated launcher with LAU-10A pod. 


If the ripple fire mode is selected the inter- 
volometer converts the ignition pulse into a 
ripple rate with a95 millisecond delay interval for 
the rockets being fired in consecutive order. The 
firing mode select switch is located on the aft end 
of the launcher pod (fig. 11-36), (tube numbers 
show firing sequence). 

Ready Service Lockers 

Chaff heads, rocket motors and launcher 
pods are stored in separate lockers. Rocket 
motors and chaff heads are stored in lockers 
that hold four uncrated heads or motors or eight 
crated heads or motors. A pod locker holds one 
launcher pod. 


Uncrated heads or motors are placed in in¬ 
dividual cradles that can be slid out of the locker 
to allow the heads or motors to be laid in them. 
Crated heads are slid into individual racks and 
are held in place by metal flanges. These lockers 
are designed to protect the rocket components 
and launcher pods from damage from ship vi¬ 
bration, pitch and roll. 

PERSONNEL INSTALLATION 

Most CHAFFROC systems installed aboard 
ship will consist of one launcher pointing outward 
in each of the four quadrants of the ship. Station 
requirements depend upon the type of installations, 
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REMOTE CONTROL 



84.295 

Figure 11-37.—One-launcher system as part of a shipboard CHAFFROC system. 


Two additional crew members are required to 
uncrate the chaff heads and motors and assemble 
and load them. 

Remote Control Station 

The remote control panel is located in CIC. 
The remote control panel includes indicating 
lights and switches for firing the rockets. This 
station is manned by radarmen. The primary 
duties of the remote controlman are: 

1. Transmit launcher position angles to the 
local control station via sound power tele¬ 
phones. 

2. Position the fire control switch for either 
local or remote firing. 

3. Give the firing order to the local control 
man or fire the chaff rocket remotely on 
orders from the CIC officer. 


A new CHAFFROC system is now being de¬ 
veloped which will employ power drives for both 
training and elevating launchers and will enable 
the remote controlman to control the launcher’s 
position from the remote control panel. 


SAFETY 

Safety is always a primary consideration in 
dealing with ordnance equipment—particularly 
with live ammunition. Rocket launchers, large 
or small, require quite a lot of care, both in 
operation and in maintenance. We’ll give some 
of the important safety precautions associated 
with rocket launcher operations starting with 
the Mk 102. For further information on safety 
precautions check the proper OPs and ODs. 
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Rocket Launcher Mk 102 

1. NEVER stand directly behind loaded guide 
tubes. 

2. NEVER attempt to remove live rockets 
from the forward end of the guide tubes. 

3. ALWAYS keep clear of the exhaust path 
of the rockets. 

4. NO ONE may approach closer than 10 
feet of any rocket launcher that is firing or is 
about to be fired. When beyond this 10-foot 
minimum distance, everyone must keep clear 
of the line of fire of any other launcher that is 
firing or is about to be fired. 

5. Any assembly whose guides do NOT re¬ 
turn to the loading position after "cease fire" 
should be treated as loaded, and misfire pro¬ 
cedure should be observed. 

6. If the firing stop mechanism fails to 
operate, do NOT attempt to fire the rocket 
launcher. Serious damage to ship and personnel 
may result. 

7. Before starting the mount, the opera¬ 
tor must take his proper position so that he will 
be able to control it. Also, he must be sure the 
securing pin and securing bar have been released 
before he attempts to start the mount. 

8. The handwheels must be at rest before 
the START button is pressed. 

9. DO NOT unload any rocket already in 
the hoist until the oil pressure pump motor has 
been stopped and the accumulator has been 
vented by opening the hand valve. 

10. Don't load rockets into the hoist until 
the accumulator pressure has built up to full 
value, as indicated by the tripping of the un¬ 
loading valve. 

11. NEVER stow extra rockets loosely on 
the loading tray around the hoost and drive 
support tube. 

12. When exercising the assembly with dum¬ 
my rockets, do not attempt to remove the rockets 
from the front of the guide tubes while the oil 
pressure pump motor is operating or there is 
pressure in the accumulator. The guide tubes 
will start to move to their hoist position as soon 
as the base of the rocket clears the bore clear 
interlock, and the operator could be seriously 
hurt. 

13. Keep fingers clear of the rocket lifter 
in the hoist when depressing the switch actuator 
platforms. 


ASW Weapons 

Safety precautions with Mk 10 and Mk 11 
projectors are pretty much the same as those 
for the Mk 15, except that those relating to 
power drives and training gear don't apply. 

1. Don't work on the ammunition, especially 
fuzes, except under the direct supervision of 
qualified personnel. Set questionable rounds 
aside. For information on ammunition, see OP 
2215, OP 4, and OP 5. 

2. Leave fuze caps and safety pins on the 
ammunition until just before firing, and don't 
discard them when they are removed. Replace 
them if firing is no longer imminent. 

3. Never leave the projector loaded while 
the vessel is in port. 

4. Always keep the cradle locking device 
and the train centering pin locked except when 
actually using the projector. Keep them locked 
during loading. Release them for any train or 
elevation movement. 

5. Do not tilt the cradles unless at least 
half of the spigots on each cradle are loaded. 
Never tilt cradles while personnel are inside 
the cradle frame. 

6. Maintain a safety watch whenever the 
mount is to be trained, except at general quar¬ 
ters. 

7. Never shift the elevating gear or the 
training gear to hand drive while the mount is 
moving. And always verify that the mount and 
the signal are synchronized before shifting to 
power drive. 

8. Live 440-v leads are exposed whenever 
controller, motor terminal boxes, and some 
equipment covers are open. Disconnect all power 
supply switches if electrical equipment is being 
worked on. Tag switches when men are working 
on the equipment. Never leave a power switch 
ON when leaving a control point to investigate 
power failure. 

9. Always open the 440-v power drive supply 
at each controller whenever personnel mount 
the projector to load or do any maintenance 
work. 

10. Always keep the safety plug and the 
firing key out of their receptacles except when 
actually firing or testing. Always remove the 
safety plug and firing key before circuit testing 
a loaded projector. Remove the plug also before 
shifting the test switch from its test position 
to S (safe). 

11. Remove charges from spigots before test¬ 
ing any of the electrical circuits except when 
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making the routine circuit test prior to firing. 
(For details on performing tests, see the OP on 
the equipment.) 

12. Keep all personnel away from the blast 
area when either the safety plug or the firing 
key is inserted into its receptacle while charges 
are on the spigots. And always keep the firing 
panel and safety plug dry. 

13. Whenever firing circuit or panel wiring 
is serviced or replaced, check it by performing 
all tests for the unloaded projector. 

Extreme caution must be observed when 
working with ASROC launching group Mk 16. 
Accidentally or unintentionally operating any 
of the hydraulic, pneumatic, or electrical func¬ 
tions of the launcher can cause severe personal 
injury or death. 

1. Never train the launcher without sounding 
the train warning bell. Unexpectedly slewing of 
the launcher may catch personnel unaware, and 
the launcher may strike them. 

2. Never energize the electrical system of the 
launcher before checking the launcher control 
panel to ensure that all personnel are clear. 

3. Do not depend on relays or interlock 
switches for protection. Use main circuit break¬ 
ers to shut down power. 

4. Do not service or adjust while working 
alone. 

5. Do not use test equipment known to be 
in poor condition. 

6. Do not enter guide until air supply to 
guide mechanism is shut off, the air charge is 
exhausted, and appropriate warning tags are 
attached. Serious injury can result if personnel 
are struck by accidentally extended or re¬ 
tracted rail or snubbers. 

7. Safe-fire switches must remain at safe 
position throughout all launcher checkout op¬ 
eration. 

8. Before firing, verify that personnel are 
well clear of the launcher area. Clearing the 
immediate blast area will not suffice. Metal 
nozzle closure seals of the rocket motor can blow 
out a distance of 100 feet and might ricochet. 

9. Before repairing or replacing any launcher 
components secure all power to the system and 
place appropriate warning tags on power panels 
or the launcher control panel. 

Most of the safety precuations listed for the 
ASROC system also apply to the GMLS Mk 25. 
Some additional recommended safety precautions 
that personnel must understand and apply during 


operation and maintenance of GMLS Mk 25 are 
listed below. 

1. When moving launcher into the elevation 
or train limit stops, turn the handwheels slowly 
to prevent equipment damage. 

2. Have observer ensure that the launcher 
area is clear of personnel before closing laun¬ 
cher area safety switch (SMX4). Launcher run¬ 
away in train or elevation could result in injury 
or death to personnel. 

3. The launcher guide is nose heavy when 
empty and breech heavy when loaded with missiles. 
Always engage and hold the elevation handcrank 
before disengaging elevation power-off brake to 
avoid possible personnel injury. 

4. When handling missiles verify that the 
missile igniter safe-arm lever adjacent to the 
after missile lugs is in the SAFE position. 
Accidental ignition of the missile rocket motor 
could result in serious or fatal injury to per¬ 
sonnel. 

Improper handling of any type rocket or 
missile can result in damage to their compon¬ 
ents and create hazards to personnel. All per¬ 
sonnel must be familiar with approved handling 
techniques. 

Electromagnetic Radiation 

The ZUNI rocket motor which requires care¬ 
ful handling to avoid damaging the long thin 
propellant grain and to prevent accidental ig¬ 
nition of the rocket motor from static or hazar¬ 
dous electromagnetic radiation. When loading 
or unloading ZUNI launcher pods, any com¬ 
munications antenna radiating more than 5 watts 
of power within 10 feet of the launcher should 
be silenced. The Hazards Of' Electromagnetic 
Radiation Of Ordnance (HERO) is most pro¬ 
nounced during weapon assembly, disassem¬ 
bly, loading, unloading and testing. The effects 
of electromagnetic radiation on a weapon are 
reduction of the weapons reliability, propellant 
ignition and in some cases the possibility of 
warhead detonation. Any weapon that contains 
electro-explosive devices called EDD'S is sub¬ 
ject to electromagnetic radiation. EDD devices 
require a small voltage for actuation, these 
devices are used in some types of VT pro¬ 
jectile fuzes and are now used for initiation of 
booster rocket igniters and warhead detonators. 
They are also used for missile stage separation 
in multistage rockets and for reliable high speed 
operation of switches and valves within a weapon. 
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Electromagnetic radiation is a term used to 
describe the energy radiated by radio and radar 
transmitting equipment. The energy is more 
commonly referred to as radio waves, radio¬ 
frequency energy or RF energy. 

Whenever current flows in an electrical cir¬ 
cuit, such as a transmitting antenna, magnetic 
and electric energy fields are set up in the 
region around the antenna and radiated into 
space. 

If a conductor is located in the path of ra¬ 
diated waves of energy, a voltage could be in¬ 
duced into the conductor, causing a small amount 
of current to flow. RF energy emitted from a 
two-way automobile radio has been known to set 
off an electric blasting cap. This is the reason 
for the signs along highways warning motorists 
to turn-off their radios when blasting is being 
conducted. Radiation hazard signs are also posted 
aboard ships warning personnel of radiation 
hazards and the distance in which the radiation 
could effect the health of personnel. The com¬ 
manding officer's policy for prevention of haz¬ 
ardous conditions to weapons and personnel re¬ 


quire coordination between the appropriate de¬ 
partments of the ship responsible for RF energy 
transmitting and the personnel responsible for 
ordnance handling as well as the medical de¬ 
partment. 

RF energy may enter a weapon as a wave of 
radiation through a hole or crack in a weapon's 
skin, or it may be conducted into the weapon by 
firing leads or other wires that penetrate the 
weapon enclosure. 

Thje precise probabilities of EED activation 
are relatively unpredictable, being dependent 
upon variables of frequency, field strength, geo¬ 
metric orientation, environment, and metallic 
or personnel contacts with the ordnance items. 

Several shipboard incidents involving ord¬ 
nance items have been attributed to initiation 
of their EED's by electromagnetic radiation 
from the ship's transmitting equipment. 

When working on any weapon system com¬ 
ponent, practice safety while learning and while 
maintaining the weapons equipment. Read all 
the safety precautions carefully, and be aware 
of dangerous situations. Take time to be SAFE. 
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CHAPTER 12 


THE FIRE CONTROL PROBLEM 


This is a good time to answer the question 
that has probably occurred to you*. “Why am I, 
as a Gunner’s Mate concerned with fire con¬ 
trol?” There are two important answers to 
this. 

One is that the field covered by the rating 
primarily concerned with fire control has been 
expanding so rapidly, especially since the second 
World War, that some parts of it have become 
the responsibilities of other ratings. That’s 
why, for example, the Sonar Technician now 
operates and maintains some of the gear that 
used to be identified with the Fire Controlman. 
Similarly, the Gunner’s Mate is responsible for 
a good deal that used to be in the Fire Con¬ 
trolman’s bailiwick—power drives, indicator- 
regulators, some aspects of battery alignment, 
and the like. The empire of the Fire Control- 
man (now the Fire Control Technician) has 
changed too—it includes electronics, radar equip¬ 
ment, and other subject matter not originally 
identified with it. So that now you as a Gunner’s 
Mate, are expected to learn more about fire 
control—and about hydraulics and electricity — 
not because you’re being remolded into Fire 
Control Technician but because these, among 
others, are now the Gunner’s Mate’s business. 

The second answer has to do with the fact 
that as a Gunner’s Mate you must be able to 
qualify as a mount captain. This means you 
must be proficient enough in fire control tech¬ 
niques and basic knowledge to supervise your 
mount’s functioning in local control. 

There’s a third answer too, and it has to do 
with your own future. You want to earn a Gun¬ 
ner’s warrant eventually. To qualify, you’ll have 
to know your fire control. 

By this time in your career as a Gunner’s 
Mate, you know that the term “fire control” as 
it’s applied in gunnery has nothing to do with 
how you use the fire extinguisher on the bulk¬ 
head. But what DOES it mean, exactly? Naval 
Ordnance and Gunnery, NavPers 10797-A de¬ 
fines fire control as “The practical application 


of exterior ballistics, and the methods and de¬ 
vices used to control guns and other weap¬ 
ons. . . .” Another way to put it, in terms of 
weapons, missiles, and targets, would be to 
say that fire control is the process of determin¬ 
ing the exact relationship between a weapon and 
its target, and then using that information to 
get the weapon’s missile to strike or inflict 
maximum damage on that target. 

Fire control is the technique of delivering 
effective fire on a selected target. It includes the 
material, personnel, methods, communications, 
and organization necessary to harass, damage, 
or destroy the enemy. Within the Navy, however, 
the term has been customarily restriced to the 
control of gunfire, while more specific terms 
such as torpedo fire control and rocket fire 
control are used for other weapons. 

The fundamental problem of gun fire control 
is to direct the gun in such a way that the pro¬ 
jectile will hit the designated target. If the target 
is stationary and close enough, the problem is 
not difficult. Complications are introduced by 
increasing the range, by shooting from a moving 
platform such as a ship, by shooting at moving 
targets, and by shooting many guns with central¬ 
ized control at the same target. The increase in 
range increases the time of flight of the projectile, 
allowing gravity to exert its influence over a longer 
period of time and to cause the projectile to fall 
more and more below the projected axis of the 
bore of the gun. The increase in time of flight 
also permits greater accumulation of errors 
caused by motion of own ship and target or by 
ballistic factors such as wind and drift. As 
battle range and target speed increase, require¬ 
ments for accuracy of original measurements and 
in more complex computations increase. 

EARLY FIRE CONTROL 

The development of fire control as a science 
and as an art has been pretty much the product 
of the last century and a half. Prior to 1800, 
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there was no need for elaborate fire control, 
because the guns themselves were inaccurate 
except at short ranges. Battle ranges of the period 
were pistol shot (about 50 yards) and half pistol 
shot (about 20 yards). 

Sighting consisted chiefly of setting the guns in 
azimuth, and of leveling them by eye. Sometimes 
allowance for the curvature of the trajectory was 
made by “sighting by the line of metal.*' This 
was done by aligning the top of the breech and the 
top of the muzzle with the point of aim, causing the 
gun to be elevated by the amount of the taper of 
the gun from breech to muzzle. 

Little attempt was made to regulate initial 
velocity. Powder charges were estimated, and the 
projectile load was variable. One shot or several 
shots were used for a charge, and at close 
quarters guns were frequently loaded to the muzzle 
with grape shot. 

Nautical gunners became aware of the problem 
of deck tilt for obvious reasons. One early device 
for correcting for the roll of the ship was a 
round shot suspended from a spar. The gunner 
watched this improvised pendulum swing with the 
roll of the ship and just before it was parallel 
to the mast, he applied his slow match to the 
touch hole of the piece. Another practice de¬ 
pending upon the roll of the ship was that of 
firing at the crest of the roll to increase the 
range. 

MODERN FIRE CONTROL 

Today, fire control instruments used in con¬ 
junction with guns are limited in range and 
accuracy only by the inherent accuracy possible 
with projectiles fired from guns. And the whole 
scope of fire control itself, as a technique for 
destruction so that they will do the maximum 
damage to the enemy, has been broadened. 
Where fire control once meant only control of 
gunfire, it now applies to control of guided mis¬ 
siles, rockets, and weapons directed against 
underwater targets. In this chapter we will 
cover the gun fire control problem it relates 
to you as a Gunner’s Mate. 


BALLISTICS 

Ballistics is the science of the motion of 
projectiles. It is divided into two branches, 
interior and exterior ballistics. Interior bal¬ 
listics is that branch of the science which 
treats of the motion of the projectile while in 
the gun. The initial velocity (I.V.) of the pro¬ 


jectile is a result of the forces involved in the 
general term, interior ballistics. Exterior bal¬ 
listics pertains to the projectile after it leaves 
the gun. Obviously I. V. is the one value common 
to both interior and exterior ballistics. 

Gun design is essentially a compromise. The 
gunner wants maximum I. V. for great range 
and flat trajectory; the designer must consider 
the strength of his gun, and desires minimum 
wear and erosion. Interior ballistics includes the 
study of (1) the combustion of the powder, (2) 
the pressure developed within the gun, (3) the 
variations in pressures and velicities with 
changes in any of the “conditions of loading,’’ 
and (4) erosion of the bore. 

Each of these fields is the subject of careful 
and detailed study by specialists. Their findings 
are of enormous importance in gun design and 
in the development of fire control instruments. 
A general understanding of ballistics is essential 
to the Gunner’s Mate, so that he may achieve 
the best results with his ordnance equipment. 

EXTERIOR BALLISTICS 

1. MOMENTUM. As you remember from New¬ 
ton’s laws of motion, any material object has 
inertia, and, if moving, tends to continue its 
motion at constant velocity (i.e., at constant speed 
in a straight line). The important values in 
determining the momentum of a projectile are 
its I. v. (initial velocity) and its mass. I. V. 
is measured in feet per second (usually abbre¬ 
viated f s) as the projectile leaves the gun muzzle. 
Mass is conventionally measured in pounds (a 
convenient measure, if not strictly correct scien¬ 
tifically). If no other factors affected its motion, 
any gun projectile would have a straight-line 
trajectory. Note also that all naval guns (except 
a few special purpose devices) are designed to 
make the projectile spin at high speed on its 
long axis. This makes the long axis of the pro¬ 
jectile tend to maintain a fixed attitude in space 
while in flight. 

2. GRAVITY. On the earth’s surface (and 
this effect varies only very slightly in different 
localities and at different altitudes up to sev¬ 
eral miles) all material objects are subject 
to the earth’s gravitational attraction, which 
pulls them toward the earth’s center. Any un¬ 
supported object therefore tends to fall at a 
constant acceleration of about 32 feet per second. 
Gun projectiles are unsupported once they leave 
the gun’s muzzle; unlike aircraft, they are not 
airborne, and unlike rockets, they are not sup¬ 
ported by propellant thrust. They therefore fall 
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with the same acceleration as if they had been 
dropped, not fired. The idea may be novel to 
the student, but the fact is that a projectile 
fired from a horizontally airmed gun will strike 
the surface of the sea at the same instant as a 
similar projectile that has merely been dropped 
from the same height above the water. It is, 
of course, true that the fired projectile will 
hit the water some distance away (part A, fig. 
12 - 1 ). 

Under the influence of momentum and gravity 
(but of no other factors) the trajectory of a 
projectile will be one of a family of sym¬ 
metrical curves called parabolas. For a given 
I. V. and projectile mass, the projectile travels 
farthest from the gun if the gun barrel is elevated 
to make a 45° angle with the horizontal (part B, 
fig. 12-1). 

3. AIR RESISTANCE. As figure 12-2 (based 
on an instantaneous wind-tunnel photograph) 
shows, a projectile traveling at a speed of up 
to 3,000 feet per second creates a considerable 
disturbance in the air. At such speeds, air at 
sea-level density is far from insubstantial, and 
its resistance significantly slows the projectile 
throughout its flight. Air resistance affects the 
trajectories of all projectiles, but its effects, 
which depend on air density, are much greater 
on less massive ones. 

The trajectory as affected by momentum, 
gravity, and air resistance is still more or 
less parabolic, but is not symmetrical; the 
projectile is traveling slower as it approaches 
the end of the trajectory, and (fig. 12-3) it falls 
at a larger angle with the horizontal (tending 
toward 90*). 

4. WIND. Wind is air movement. Movement 
of the air with respect to the earth is called 
true wind. Air movement caused by the motion 
of a ship is called relative wind for that ship. 
Apparent wind is the vectorial sum of these 
two winds, and it is the quantity read from the 
ship’s anemometer. Wind speed is measured 
in knots, and wind direction in degrees from 
the reference (true north, or ship’s bow) clock¬ 
wise to the direction FROM which the wind is 
blowing. By vectorial analysis, apparent wind 
can be resolved into relative wind and true 
wind. True wind is the wind input to fire con¬ 
trol computers. True north is the reference 
for true wind, thus true wind is independent 
of ship’s movement; however, both relative wind 
and apparent wind depend on own ship’s course 
and speed. 

In fire control computers, true wind is re¬ 
solved into two components with respect to the 


line of fire. One, called range wind, lies in 
the line of fire and may either accelerate or 
decelerate a projectile. Cross wind is the other 
component; it blows at right angles to the line 
of fire moving the projectile to the left or right 
of its planned trajectory. These components 
and their effects are automatically computed, 
and automatic corrections are made to the gun’s 
position in train and elevation. 

A ship’s anemometer measures surface wind, 
but a projectile’s trajectory passes through 
various altitudes. These altitudes, primarily 
because of air density and temperature, have 
different wind velocities than those on the earth’s 
surface. A ship’s meteorologist can tract the 
flight of a balloon and measure the velocities 
and directions of tropospheric winds. Or, peri¬ 
odic wind reports are often received by radio 
from a shore station which has better wind 
measuring facilities. Most ships do not have a 
meteorologist on board; they have to depend 
on reports from other ships or stations. 

When all winds are taken into account, they 
are combined mathematically into one wind direc¬ 
tion and speed which would have the same 
total effect. This is the ballistic wind that is 
introduced into the fire control computations. 

5. DRIFT. Drift (fig. 12-4) is a deflection 
of the trajectory to the right, and is caused by the 
interaction of gravity, air resistance, and the 
projectile’s clockwise spin. (Counterclockwise 
spin would deflect the trajectory to the left, but 
all naval guns except the .45 caliber have clock¬ 
wise rifling.) Drift is directly proportional to 
range. It is independent of wind. 

6. EARTH’S ROTATION AND CURVATURE. 
The discussion so far has implicity assumed 
that the earth is flat and does not rotate. For 
ranges up to 20,000 yards or so, such an 
assumption does not cause any serious errors 
in fire control. At extreme gun ranges (30,000 
yards and more) these two factors become 
important enough to be taken into account, 
particularly in firing at surface targets. You’ll 
therefore find that only in controlling the fire 
of the main batteries of battleships and cruisers 
are these factors made part of the fire control 
problem and its solution. 

INTERIOR BALLISTICS 

PropeUants and Burning Rate 

PropeUing charges are designed to burn in 
the chamber of the gun in such a way that they 
develop maximum projectile velocity without 
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12.3(110A) 

Figure 12-1. —Projectile trajectory as affected by gravity. 
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84.199 

Figure 12-2. — Portrait of a projectile in flight. 


excessive heat, pressure, or erosion. Ideally, 
the most efficient propelland for a gun is so 
balanced that the charge is entirely consumed 
immediately before the projectile leaves the 
muzzle. 

To approach this ideal, propellant burning 
rate must be controlled, so that the propellant 
is suited to the specific gun in which it is 
to be used. The dominant factor in determining 
burning rate of a given propellant composition 



12.4 

Figure 12-3. —Comparison of vacuum and air 
trajectories. 


is the surface area per unit weight of pro¬ 
pellant. The greater the area per unit weight, 
the faster the burning rate. (Other but less 
significant factors include the percentage of 
nitration, moisture content, content volatiles, 
and the stabilizer used.) 

As you know, gun propellant compositions 
are manufactured as homogeneous cylindrical 
grains of uniform diameter, length, and number 
of perforations (fig. 12-5), with larger grains 
for larger caliber guns. For a given muzzle 
velocity, larger caliber guns require a slower 
burning propellant than smaller caliber guns, 
since the distance the projectile must travel 
to the muzzle is proportionately longer and 
the powder must burn for a longer time. Other 



84.200 

Figure 12-4. —Clockwise projectile spin causes drift to the right. 
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110.58 

Figure 12-7. — Typical gun pressure curves 
showing variation due to quickness of pow¬ 
der, same weight of charge. 


of loading, the volume and form of the powder 
chamber, and the weight of the projectile. 

a. Powder used and weight of charge. Pow¬ 
ders are termed quick and slow in reference 
to their rate of combustion in a particular gun. 
For instance, a small-grain powder is quicker 
than a larger grain of the same shape, since all 
the grains would be consumed in a shorter 
time. Not only will the larger grain increase 
the time required for burning the charge, but 



PROJECTILE TRAVEL ► 


110.59 

Figure 12-8. —Typical gun pressure curves 
showing methods of obtaining increased 
muzzle velocity in a gun without increas¬ 
ing maximum pressure. 


it will also cause maximum pressure to be 
lower and to be reached later in the travel of 
the projectile. The gun pressure curves shown 
in figure 2-7 compare slow powders and quick 
powders where the same weight of charge was 
used. 

Within limits, the muzzle velocity for a 
particular gun may be increased without causing 
excessive pressure by increasing the size of the 
charge and at the same time using a powder 
that burns more slowly. See figure 12-8. 

b. Density of loading. Density of loading is 
the ratio of the weight of the charge of powder 
to that of the volume of water which, at stand¬ 
ard temperature, would fill the powder chamber. 
It is a measure of the amount of space in which 
the gases of combustion may expand before the 
projectile begins to move. 

A high density of loading leaves but little 
space for initial expansion; consequently pres¬ 
sure builds up rapidly. The maximum pressure 
behind the projectile is reached early in the 
projectile’s movement through the bore. With 
lower density of loading, more expansion of the 
gases may take place before the projectile 
starts to move. The maximum pressure is 
achieved later, and this maximum is lower than 
that with high density of loading. (Compare the 
curves in figure 12-9). Other factors remaining 
equal, increased density of loading increases 
maximum pressure, muzzle velocity, and muzzle 
loss. 

The densities of loading at present vary be¬ 
tween 0.4 and 0.7, depending on the caliber of 



110.60 

Figure 12-9. —Typical gun pressure curves 
showing variations due to density of loading. 
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the gun and on whether the charge is case, 
stacked bag, or unstacked bag. Since the specific 
gravity of smokeless powder is about 1.6, the 
following relationship holds: 

Density of loading = 1.6v, 

where 

v = the proportion of the total chamber 

volume which is filled by the charge. 

Hence it is apparent that a loading density 
of 0.4 would require a charge filling 25 percent 
of the chamber volume, and a loading density 
of 0.7 would require a charge filling 45 percent 
of the chamber volume. 

When the density of loading drops markedly 
below the above figures, irregularities of muz¬ 
zle velocity may be expected. The pressure 
builds up irregularly instead of smoothly, and 
the high point may be reached at the wrong time. 

A practical example of the importance of 
loading density would be a projectile lodged 
part way down the bore of a gun, greatly in¬ 
creasing the effective chamber volume. Besides 
greatly lowering density, and causing pressure 
waves which may build up beyond a safe limit, 
it extends the area of maximum pressure beyond 
the area of maximum barrel thickness. A nor¬ 
mal powder charge used to dislodge a projectile 
so positioned might cause the gun to burst, or 
at least bulge, immediately behind the projectile. 

Very high density of loading, on the other 
hand, may cause detonation of the propelling 
charge, again resulting in a burst gun. 

c. Volume and form of powder chamber. 
The designers of the gun, having established 
first the desired muzzle velocity, then the limiting 
maximum pressure allowable in the gun (deter¬ 
mined from study of gun construction), can 
proceed to determine the volume and form of the 
powder chamber and the weight of the charge. 
In a particular gun, the volume and form of the 
powder chamber change only because of erosion 
at the origin of rifling and improper seating 
of the projectile, causing irregular muzzle 
velocity. 

Projectiles differing in weight — for example, 
high-capacity and armor-piercing types —can be 
fired from a given gun. High-capacity projec¬ 
tiles, being lighter, will have a slightly higher 
muzzle belocity. 

Erosion 

Erosion is the deterioration and wearing away 
of the bore surface caused by firing projectiles 


through it. Erosion is not merely the direct 
effect of friction which causes the bore surface 
to wear away as the projectile passes through. 

CAUSES. — The exact mechanics of erosion are 
not known with precision, but the following are 
recognized as the principal causes: 

1. The bore surface becomes intensely heated 
in firing, and the rush of hot gases across this 
hot metal has a scouring effect. 

2. The hot powder gases react with the 
metal, changing the carbon content on the sur¬ 
face of the bore. Since this surface is designed 
with an optimum carbon content, any change 
results in a weakening of the metal. 

3. The alternation of intense heat and rapid 
cooling affects the temper of the metal. 

4. The propellant gases are forced into and 
out of the pores in the metal surface as they 
open and close during the expansion and con¬ 
traction which accompanies such drastic tem¬ 
perature changes. 

5. Heat cracks may develop. 

6. Gases escaping around the projectile act 
as high-velocity jets, scouring the bore and 
causing damage, especially where there are 
heat cracks. 

EFFECTS. — Erosion is always greatest at the 
origin of rifling (fig. 12-10), and the tops of the 


ORIGIN OF RIFLING 



Figure 12-10. — Erosion areas in a gun 
chamber and bore. 
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lands wear away faster than do the bottoms of 
the grooves. 

Erosion at the origin of rifling, in guns 
using semifixed ammunition, tends to permit 
the projectile to seat farther and farther toward 
the muzzle. This reduces the density of loading 
and therefore the I. V. (initial velocity). In guns 
using fixed ammunition, this effect does not apply, 
but in all guns erosion at the origin of rifling 
permits gas to escape around the projectile, 
and this in turn increases erosion. 

As the lands wear, not only does more gas 
escape around the projectile but the rifling en¬ 
graves the band less deeply, reducing materially 
both the initial forcing pressure and the resist¬ 
ance of the projectile to the gas pressure. The 
effect is a material drop in muzzle velocity. 

CONTROL OF EROSION. — Allerosionfactors 
are related to (1) the temperature of the exapnd- 
ing gases and (2) the duration of their confine¬ 
ment in the bore. Hence larger guns, with their 
slower powders and longer barrels, suffer more 
erosion per round fired than smaller guns. On 


the other hand, smaller guns have a higher firing 
rate, which permits less cooling time between 
rounds. 

Chromium plating of gun bores has reduced 
the effects of erosion; the use of molybdenum 
will probably make for even better erosion 
resistance in the future. 

Some smaller guns are cooled by water 
jackets around the barrels, and there have been 
experiments on introducing a coolant between 
the tubes and the liners of larger guns. Also 
development that reduces the heat of explosion 
will aid in erosion control. 

There is much more to interior ballistics 
than has been taken up in this section, but you 
have read enough here to grasp the general 
nature of this branch of gunnery. Here are re¬ 
peated the main points of the discussion, by 
way of summary: 

1. Using the same weight of charge, a slow 
powder produces a smaller maximum pressure 
than a fast powder, and attains this maximum 
pressure later in the travel of the projectile. 
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2. Increasing the weight of a charge of powder 
of a given grain size increases the maximum 
pressure attained and causes this maximum 
to occur earlier in the travel of the projectile. 

3. Because of muzzle loss and irregularity 
of muzzle velicity, slow powders are less effi¬ 
cient than fast powders. 

4. The muzzle velocity of a given gun may 
be increased within limits by using larger charges 
of slower propellants. 


FIRE CONTROL PROBLEM 
TARGET POSITION 

In the fire control problem, target position 
at any instant is measured in terms of target 
bearing (a horizontal angle measured from a 
vertical reference plane), target elevation (a 
vertical angle measured from a horizontal 
reference plane), and range (a linear distance 
measured along the line of sight (LOS) to the 
target (fig. 12-11). 

As you noted at several points in connection 
with the discussion of exterior ballistics, the 
effect of the factors listed in the preceding 
article depends on, among other things, range. 
Another way os putting it is to say that they 
depend on time of flight—i.e., the time lapse 
between the projectile's departure from the gun 
muzzle and its impact or explosion. During this 
time the factors that determine the projectile’s 
trajectory have their effect; obviously, the longer 
the time of flight, the greater their effect. 
Other things being equal, at any specified I. V., 
time of flight is proportional to range. This 
is one reason that it is important to know the 
range to target (generally measured in yards) 
as accurately as possible. Range to an air target, 
as measured along the LSO, is called slant 
range to distinguish it from range measured 
on the surface. 

There are two kinds of target bearing. Rela¬ 
tive target bearing is the angle, measured clock¬ 
wise in degrees and minutes, between a vertical 
plane through the centerline of own ship and the 
line of sight (LOS) to target. (This is illustrated 
in fig. 12-11.) True target bearing is measured 
similarly, but from a vertical plane containing 
a line to true north. Figure 12-12 shows the 
distinction and. relationship between true and 
relative bearing, and demonstrates that true 


bearing is the algebraic sum of own ship course 
and relative bearing. 

For the location of an air target with respect 
to own ship, one more value is needed—target 
elevation (generally measured in minutes of arc 
from the surface horizontal plane). 

If now we were to assume that the target and 
own ship were stationary with respect to each 
other, it would be necessary to correct only for 
exterior ballistic factors and the gun would be 
laid for a hit on the target. However, such a 
situation is rare. Target movement with respect 
to own ship is a part of every practical fire 
control problem, and it becomes increasingly 
important as ranges decrease and target velici- 
ties increase. (You can expect some air targets 
to be moving at over 600 knots.) In fact, at very 
close ranges (in the neighborhood of 2,000 yards 
or less) the ballistic factors are completely 
overshadowed in importance by corrections for 
target velocity, and many of the ballistic factors 
are not even considered in fire control systems 
designed for close-range work. This is true 
because at short ranges 

(a) time of flight is short. 

(b) angular velocities (i.e., changes in target 
bearing and target elevation) increase as target 
range decreases, even when target speed as 
measured in knots remains the same. 



Figure 12-12. —Relationship between true 
bearing, relative bearing, and own ship course. 
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Figure 12-13. —Sight angle. 



84.201 

Figure 12-14. — Target elevation and superelevation. 
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(c) time available for arriving at solutions 
to the fire control problem is so short that 
there is time only for essential steps in solution. 

Sight Angle and Superelevation 

The angle by which a gun is elevated above 
the line of sight to a surface target so that the 
projectile’s trajectory will pass through the 
target is called SIGHT ANGLE. (See fig. 12-13). 
The angle is measured in minutes between the 
axis of the gun bore and the line of sight. As 
range increases, so does the amount of sight 
angle necessary. 

With an air target the principle of sight angle 
still applies. Look at figure 12-14, where you 
see sight angle in more detail. You can see it 



84.202 

Figure 12-15.— Effect on superelevation of: 

A. Increased range, B. Increased target elevation. 


is still the angle by which the gun must be ele¬ 
vated above the line of sight to get a hit. Your 
line of sight itself is elevated here to meet the 
target. Sight angle is shown to be made up of 
two smaller angles. One is lead. This cor¬ 
responds to the target’s relative motion during 
the projectiles’ time of flight. The other seg¬ 
ment is SUPERELEVATION. Superelevation is 
the angle by which the gun must be further 
elevated to compensate for the projectile’s curve 
downward due to gravity. 

Like sight angle as a whole, superelevation 
increases with longer ranges. (See fig. 12-15A). 
But as target elevation increases, supereleva¬ 
tion decreases. See figure 12-15B. 

If you think about it, this is common sense. 
Consider an extreme case —a targer directly 
above you. 

Neglecting all other factors but gravity, it is 
obvious that a gun fired at such a target would 
have to be aimed directly along the line of sight. 

Gravity would still pull downward at the 
projectile, but its pull would be directly in line 
with the trajectory, which would therefore be 
straight. Hence no superelevation needs to be 
introduced. As the line of sight is moved away 
from the straight-up direction, the downward 
force of gravity is exerted at an increasing 
angle to the axis of the gun bore, and therefore 
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has more effect on the shape of the trajectory. 
This is exactly what view B of figure 12-15 
shows. 

Sight Deflection 

The axis of, the gun bore is not only offset 
from the line of sight vertically, but horizon¬ 
tally as well. This horizontal angle between 
the LOS and the gun bore is known as SIGHT 
DEFLECTION. You can see in figure 12-16 
that it is made up of three values, two of which 
you have already studied. You know that be¬ 
cause a projectile drifts to the right, the gun 
must be offset to the left. Wind is another 
value in sight deflection. Wind blowing across 
your line of fire calls for another small offset 
(to the left in the illustration). The third, and 
major, value in the sight deflection angle is the 
lead angle. Lead angle is proportional to the 
relative motion of the target across your line 
of sight during the projectile’s time of flight. 

Unlike sight angle, target elevation, super¬ 
elevation, and target bearing, deflection is 
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Figure 12-17. —The mil. A. What it is. B. How 
to use it. 


measured in mils. A mil is, like a degree or 
minute, a unit of angular measure. It takes 
about 6400 mils to make a circle (as compared 
with 360° to a circle). To be exact, the mil in 
U. S. naval gunnery is equal to 3.37 minutes of 
arc, or less than 0.06°. 

The mil has a very useful property. If a 
distant object appears to you to be exactly one 
mil wide, then its real width is exactly l/000th 
of the range. (See fig. 12-17A.) For example, 
suppose you see a buoy 1,000 yards distant. 
You sight at it through a telescope in whose 
reticle (a glass plate in the telescope optical 
system) are lines one mil apart. With the scope, 
you see that the buoy is just one mil, or l/000th 
of the range, wide. And since you know that 
l/000th of the range is one yard, that’s how 
wide the buoy is. Figure 12-17B shows other 
examples of the mil’s usefulness in estimating 
lateral distances at known ranges. 

BALLISTIC VARIABLES. In the following 
list of ballistic variables we indicate the effect 
of sight angle and sight deflection of increasing 
the variable. 

How compensated as 
Variable variable increases 

Projectile momentum 

(a) Mass (weight) . . Increase sight angle. 

(b) I.V. 1 .Decrease sight angle. 

Gravity (itself aeon-. . Increase sight angle with 

stant, but its effect increased time of flight, 

is a function of time 
of flight). 

Air resistance.Increase sight angle. 

Wind.Depends on wind direc¬ 

tion. If wind tends to 
increase range, re¬ 
duce sight angle (and 
vice versa); add de¬ 
flection and sight angle 
as needed for cross 
winds. 

Drife.Add left deflection. 

Earth’s rotation and . . Varies with range, lati- 
curvature. tude of gun, gun bear¬ 

ing. Both sight angle 
and deflection may be 
affected. 

1 In practice, as the gun wears, I.V. decreases, 
hence sight angle must be increased to compen¬ 
sate. 
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INHERENT CORRECTIONS 

The miscellaneous factors that we here lump 
under the label INHERENT CORRECTIONS in¬ 
clude corrections for: 

1. Motion of the gun platform (i.e., the ships’ 
rolling and pitching motions as it floats on the 
water). 

2. Parallax—caused by distance between fire 
control system elements located at different 
points aboard ship. 

3. Divergence of gun mount roller paths 
from the deck reference plane. 

These factors are called “inherent” because 
they are unavoidable in any system designed, 
within the limitations of contemporary techniques, 
to function when installed over most of the 
length of a warship that spends its lifetime 
on the surface of the sea. 

Gun Platform Motion 

As you remember, the essence of fire con¬ 
trol is to position the gun barrel so that the 
projectile’s trajectory will culminate in its colli¬ 
sion with the target. We may (as we did earlier 


■t 
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12.46 

Figure 12-18. —Level and crosslevel. 


in this chapter) assume for purposes of analysis 
that the deck on which the gun mount stands is 
stable, but in practice it is not generally possible 
to make this assumption. Nor is it practicable 
to stabilize the deck itself. Instead, either of two 
alternative correction methods is used. One re¬ 
quires that the gun be continuously repositioned 
by its power drive so that it maintains the desired 
attitude regardless of the ship's roll and pitch. 
The other (much less frequent) is to control the 
firing circuit so that as the ship rolls and pitches 
the firing circuit is energized only during those 
instants when the gun happens to be in the position 
required for hitting the target. 

Two kinds of correction are required for the 
effects of ship’s roll and pitch. One is correction 
in level and crosslevel (fig. 12-18). (Level 
angle is the angle that the deck plane, which 
pitches and rolls with the ship, makes with the 
horizontal, as measured in a vertical contain¬ 
ing the LOS. Crosslevel angle is measured at 
right angles to level angle.) Crosslevel causes 
trunnion tilt. As the gun mount tilts with the 
ship’s motion, the gun no longer elevates in a 
plane perpendicular with the horizontal. This 
introduces errors, both because the gun doesn’t 
elevate to the proper angle, and because eleva¬ 
tion in a plane not perpendicular to the horizontal 
causes it to shift in train. Thus, if the right 
trunnion is at a chosen instant lower than the 
left, elevating the gun by x number of minutes 
with respect to the horizontal will require more 
than x minutes of elevation in its tilted plane, 
and in addition the barrel after elevation will be 



12.45 

Figure 12-19. — Corrections for trunnion tilt. 
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displaced to the right of the plane it was in 
before elevation. Figure 12-19 shows the correc¬ 
tions required to compensate for trunnion tilt. 

Parallax 

Because a gun is displaced from its controlling 
director, the gun can train out on the same bear¬ 
ing as the director and still not be trained on 
the target, unless a parallax correction is made. 
Parallax is the angle formed by the lines of sight 
of the director and the gun. It is measured in 
both the horizontal and vertical planes. It is 
different, of course for every gun, and individual 
corrections must be made at each gun. Figure 
12-20 illustrates the most common difference, 
horizontal parallax, and the corrections that 
must be made to compensate for it. 

Roller Path Tilt 

Ideally, the roller path of each gun mount 
should be parallel to that of the director used 
as the reference. Although the tilt of the gun 
mount with respect to the reference is in modern 
naval construction always small (rarely over 
a degree, and usually much less), it must be 
corrected. Some tilt is unavoidable because a 
ship’s hull is supported much differently in 
the shipyard than it is when afloat. Individual 
corrections are required for each gun mount. 
The correction is made in elevation, but its 
magnitude depends on the angle to which the 
mount is trained. Figure 12-21 shows in exagger- 
aged form the effect of roller path tilt. 

Each of the three gun turrets in the diagram 
is nominally at zero elevation, and should be 
parallel to the horizontal plane of the deck. But 
only No. 1 is really at zero. If these were 16*' 
turrets and No. 2 was tilted 1 minute when the 


PARALLAX 
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Figure 12-20. —L.O.S. of gun and director. 


ship is afloat, it would produce and error of 
1200 yards in range. To compensate for roller 
path tilt a device is installed in each gun mount 
or turret which automatically causes the gun 
to elevate or depress enough to compensate for 
the tilt of the roller path at every point to which 
it is trained. The device is known as a roller 
path compensator, and the setting differs from 
a mount to another. The exact tilt of the roller 
path is measured with respect to some reference 
plane (usually the battery director roller path). 
The magnitude of the roller path tilt correction, 
and the mount train angle at which the maximum 
correction is to be applied, are both inserted 
into the compensator unit. Through a gear shaft 
mechanism the compensator unit’s output is 
mechanically combined with the output of the 
vertical parallax correction unit. This algebraic 
sum is applied to the gun elevation order in a 
mechanical differential. Checking and resetting 
the compensator is part of battery alignment 
procedure, which will be explained in chapter 
15 of this text. 

Solving the Problem 

As you remember from the beginning of this 
section, the fire control problem consists essen¬ 
tially of three groups of variables. In a given 
fire control system, some individual variables 
may either be taken into account or neglected 
depending chiefly on target velicity (with respect 
to own ship) and range, and on desired accuracy 
and speed of solution. The main steps in solving 
the fire control problem are: 


No.l No.2 No.3 



® 
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Figure 12-21.— Effect of roller path inclination 
(much exaggerated). 
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1. MEASUREMENT of each of the variables 
to be taken into account. 

2. COMPUTATION of what gun position must 
be in relation to an LOS from own ship to 
target so that the projectile will hit the target, 
and transmission of this information to the gun 
mounts. (This computation and transmission may 
also include projectile fuze setting if required.) 

3. POSITIONING THE GUNS in accordance 
with this information and energizing firing cir¬ 
cuits as required. 

4. OBSERVATION of effects of firing and 
correction of fire control information. 

Now consider each of the steps in somewhat 
more detail. 

Measuring Variables 

Ideally, each variable in the fire control 
problem should be observed and accurately 
measured, then entered in the computing system. 
As a practical matter, some may be estimated 
and “cranked in” (i.e., put into the system 
manually), and some may be considered as 
having a fixed relationship to another variable 
(for example, the effect of gravity has such a 
relationship to time of flight), so that they don’t 
have to be measured. (We have already noted 
that in all but the most refined systems some 
variables are omitted entirely becuase they are 
not considered essential to a solution of prac¬ 
tical accuracy.) 

1. Ballistic variables are measured and 
entered into the fire control system computer 
asI.V. 

2. Gravity has a fixed relationship to the 
time of flight, which in turn has a known rela¬ 
tionship to range. Its effect is therefore “built 
into” the computer as a specially shaped cam 
(in electromechanical computers) or electrical 
network (in electronic computers). 

3. Air resistance is in most medium- and 
long-range systems determined by fire control 
personnel who plot observed air temperature 
and barometric pressure on a nomogram and 
then determine the required correction. (Air 
density correction nomograms are printed in 
range tables. A range table for each gun and for 
each projectile type fired by the gun presents 


a tabulation for each 100-yard increment of range, 
such characteristics of the trajectory as angle 
of elevation, time of flight, angle of fall and 
striking velocity.) 

The correction is put into the computer as 
part of I.V. 

4. Wind is a factor in medium- and long- 
range systems; it is generally neglected in 
simple relative-rate systems designed for use 
at short ranges. In long- and medium-range 
systems ballistic wind is cranked into the com¬ 
puter. 

5. Drift is treated like gravity. 

6. Earth’s rotation and curvature are figured 
from range tables and their effects are cranked 
into the system as direct increments to sight 
angle and deflection. The computer does not 
solve for these. In any case, these values are 
used only against surface targets at extreme 
ranges. 

Target position and relative motion of target 
and own ship are important factors in all gun 
fire control systems, but for high-speed targets 
at shorter ranges they dominate the fire control 
problem. 

Target position is fixed by three coordinates — 
bearing, elevation, and range. All three can be 
measured optically in a linear rate system. The 
first two are established when the sight tele¬ 
scopes in the director are on target. Angular 
values of director train (and angle neariy equal 
to relative target bearing) and director elevation 
(an angle measured with respect to the deck 
plane, vertically to the LOS) are sent to the 
fire control system computer by data trans- 
metters (synchros). A linear value of range is 
measured at the rangefinder and also sent by 
synchro to the computer. 

Parallax correction is important only in 
more elaborate systems, in which some of the 
gun mounts being controlled are located at some 
distance from the director. A special section 
of the computer develops parallax correction 
for a base length (i.e., the distance between 
director and gun mount) of 100 yards. This 
is called the unit parallax correction. For this 
or any other base length, the closer the target 
the greater the angular correction needed for 
parallax. However, the base length assumed for 
the unit parallax correction is not likely to 
be correct for any one gun mount, since ob¬ 
viously the parallax correction ought to be 
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greater for mounts further from the director 
than 100 yards, and less for mounts that are 
closer. Consequently, there is in each gun mount 
a set of change gears which converts the unit 
correction to the correction required, based 
on the ratio between the assumed base length 
and the actual base length. Parallax is also 
computed to compensate for vertical distance 
between mounts and director, but since all 
mounts are more or less equally far below 
the directors, the computed correction is fed 
equally to all. 

Roller path tilt correction is performed me¬ 
chanically by a device build into each gun mount. 
The computer in the fire control system has 
nothing to do with this correction, which is dif¬ 
ferent for each mount. 


NAVAL GUNFIRE SUPPORT 

In World War H, naval task forces frequently 
carried out bombardments of enemy installations 
on shore. After the ineffective results noted 
during the Tarawa operation in November 1943, 
shore bombardment techniques were gradually 
improved and refined through successive land¬ 
ings at Roi-Namur, Eniwetok, Saipan, Guam, 
Peleliu, the Philippines, Iwo Jima, and Okinawa. 
Later, the Korean war gave frequent opportunity 
for the application of the techniques learned in 
World War n— in particular, the use of naval 
gunfire to support troops landing on defended 
enemy territory. 

Opposed amphibious landing is one of the 
most hazardous types of military operation. 
Until World War II, many military authorities 
believed that such an operation was too hazard¬ 
ous to be attempted. In part, this belief was 
based on the Allied failure in the amphibious 
Dardanelles (Gallipoli) campaign during World 
War I. Analysts ascribe the failure at least 
partially to inadequate naval preparation before 
the campaign. 

To be successful, naval gunfire support for 
amphibious operations must be carefully planned 
in advance, and must be executed with skill and 
dispatch. It is vitally important in the period 
after the troops have landed but before adequate 
artillery can be brought into action. Its full 
exploitation can be achieved only if ground, 
naval, and air personnel understand the organi¬ 
zation, basic techniques, capabilities, and limi¬ 
tations of naval gunfire support, and follow the 
standard procedure which has been agreed upon 
by the joint services. 


PURPOSE 

Naval gunfire is delivered from ship’s bat¬ 
teries not only in support of troop operations, 
but also to support related naval and air opera¬ 
tions, such as mine warfare activities, air-sea 
rescue operations, reconnaissance and demoli¬ 
tion operations, demonstrations, feints, raids, 
flak suppression during air strikes, and inter¬ 
diction of coastal roads, railroads, airfields, 
and troop assembly areas. All these activities 
rest on the same basic principles as the naval 
gunfire support of amphibious operations. 

•The basic task of naval gunfire support units 
in an amphibious operation is to support the 
seizure of the objective by destroying or neu¬ 
tralizing: 

1. Shore installations that oppose the approach 
of ships and aircraft to the objective. 

2. Defenses that may oppose the landing. 

3. Defenses that may oppose the postlanding 
advance of the troops. 

These tasks are carried out in the prepara¬ 
tion of the objective for the landing, the support 
of the landing, and in postlanding support. 

This section takes up the fundamentals of 
naval gunfire against shore targets, both in 
support of troop operations and for other pur¬ 
poses. 

CLASSIFICATION OF GUNFIRE 

Naval gunfire against land targets may be 
classified in various ways. The classifications 
are interrelated; terms from several types of 
classification must be used ior a full descrip¬ 
tion. These classifications are based on: 

1. Effect sought: 

a. DESTRUCTION. Deliberate and accurate 
fire, usually delivered at short range, for the 
purpose of destroying a target, usually a material 
object. 

b. NEUTRALIZATION. Rapid, fairly accu¬ 
rate fire delivered for the purpose of hampering, 
interrupting, or preventing enemy fire, move¬ 
ment, or action. Destruction of weapons and 
personnel is secondary. The effect of neutraliza¬ 
tion is comparatively temporary; such fire may 
have to be repeated. 

c. HARASSING FIRE. Sporadic fire de¬ 
livered during otherwise quiet periods to prevent 
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enemy rest, recuperaion, or movement, and in 
general to lower enemy morale and combat 
efficiency. 

d. INTERDICTION FIRE. Fire designed 
to prevent or curtail the use by the enemy of an 
area, bridge, defile, airfield, route of communi¬ 
cation, etc. 

e. ILLUMINATING FIRE. Gunfire employ¬ 
ing illuminating projectiles (star shells) to illumi¬ 
nate the enemy, to detect his movements, to aid 
our own observation, or to facilitate own troop 
movements. 

2. Tactical use: 

a. CLOSE SUPPORTING FIRE. Gunfire 
delivered on enemy targets which, because of 
their proximity, present an immediate and serious 
threat to the supported unit. (Close supporting 
fire may be as close to friendly troops as 300 
yards enfiladed, (see 4.d following) or 600 yards 
when the target axis is not parallel to the line 
of fire. 

b. DEEP SUPPORTING FIRE. Gunfire 
delivered on objectives not in the immediate 
vicinity of friendly forces, to neutralize or 
destroy enemy reserves and weapons, and inter¬ 
fere with enemy command, supply, communica¬ 
tions, and observation. 

c. PREPARATION FIRE. A heavy vol¬ 
ume of prearranged neutralization fire, de¬ 
livered just prior to a landing or a ground attack 
by friendly forces on enemy positions. 

d. COUNTERBATTERY FIRE. Gunfire 
delivered against active enemy guns and fire 
control stations for the purpose of silencing 
the guns. 

e. PREARRANGED OR SCHEDULED FIRE. 
Gunfire formally planned and executed against 
targets of known location. Such fire is usually 
planned well in advance and is executed at a 
predetermined time. 

f. CALL FIRE. Gunfire delivered at the 
request of troop units ashore, or of some spotting 
agency. Call-fire missions must not be interrupted 
without permission of the unit requesting the 
fire, except in case of emergency. 

g. OPPORTUNITY FIRE. Gunfire delivered 
without formal planning or troop request on 
newly discovered targets, or upon transitory 
targets. Targets of opportunity may present 
themselves to the firing ship at any time, but 
fire must be delivered only with due regard for 
safety of friendly troops. Ships delivering fire 
on targets of opportunity close to own troops 
require approval of the troop echelon concerned 
before opening fire. Ships executing deep sup¬ 
port missions must assure themselves that the 


target of opportunity is within their assigned 
sector of responsibility. 

h. RECONNAISSANCE FIRE. Gunfire is 
delivered in areas where camouflaged positions 
are suspected or in vital areas where natural 
cover prevents observation and/or gathering of 
photo intelligence. 

i. FLAK SUPPRESSION FIRE. Gunfire is 
used to suppress AA fire immediately prior 
to and during an air attack on enemy positions. 

3. Technique of delivery: 

a. DIRECT FIRE. Gunfire delivered on a 
target by using the target itself as a point of 
aim for laying the guns or director. Direct fire 
is usually used on targets which can be seen 
(by optics or radar) from firing ship, 

b. INDIRECT FIRE. Gunfire delivered on 
a target which is not itself used as a point of 
aim for laying the guns or director. Indirect 
fire is always used on targets not visible from 
the ship. This fire is spotted by air spotters 
or shore fire control party spotters assigned 
for this specific purpose. 

4. Type of fire: 

a. AREA FIRE. Gunfire delivered in a 
prescribed area. Area fire is generally neutral¬ 
ization fire. 

b. POINT FIRE. Gunfire directed at a 
definite material target in order to destroy 
that particular target. 

c. DEFILADE FIRE (reverse-slop fire). 
Gunfire delivered on targets located behind some 
terrain feature, such as a hill or ridge, which 
masks the target (fig. 12-22, part B). 

d. ENFILADE FIRE. Gunfire delivered on 
a target in such a manner that the range pattern 
of the fall of shot coincides with the long axis 
of the target (fig. 12-22, part A). 

COMMUNICATIONS 

The subject of external communications in 
shore bombardment is a complex one in which 
the weapons liaison officer (WLO) plays a major 
role. It is obvious that this section can do 
scarcely more than acquaint the student with one 
corner of this ramified specialty, and even this 
corner cannot be thoroughly explored here —only 
surveyed rapidly with attention to a few essen¬ 
tials. Two- or three-day shore bombardment 
schools are available within the fleet which 
instruct a ship’s “team” in the specifics of 
shore bombardment communications and pro¬ 
cedure. 

Figure 12-23 illustrates schematically the 
communications net (i.e., the participating sta- 
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Figure 12-22. —Types of target. 


tions) for a single ship in support of a battalion 
of troops ashore. The WLO aboard a ship 
(typically, a battalion would be supported by a 
destroyer) is located in CIC, where is con¬ 
nected by battle telephone with plot and the 
main battery director (the officer usually wears 
the phones himself) and by radio with the other 
stations in the net. Most often the radio contact 
is by voice radio-telephone (R/T) rather than by 
continuous-wave (CW) code transmission. The 
officer’s voice does not go on the air; he com¬ 
municates through a radio-telephone operator 
(not shown in the figure in CIC) who functions as 
his talker and also logs the spots and other in¬ 
formation received as he gets it. 

The radiotelephone transmissions are usu¬ 
ally frequency-modulated (FM) in the very-high- 
frequency (VHF) band (e.g., 20 to 60 megahertz) 
or ultra-high-frequency (UHF) band (e.g., 200 
to 300 MHz), though other bands may be used. 
The shore fire control party uses a portable 
battery-powered transceiver which can be carried 
on the back of one man. With a low power output. 


which is all that is possible in such equipment, 
the range is only a few miles, but this is all 
that is necessary. 

The air spotter usually is in a relatively 
low-speed spotting fixed-wing aircraft (often 
a light civilian-type one or two-place plane) 
or in a helicopter. The spotter and his shore 
fire control party are in a forward position 
where they can observe the target area. The 
naval gunfire liaison officer is usually in a 
location further from the target area. 

Most of the communication takes place be¬ 
tween the spotters and the ship. The naval gun¬ 
fire liaison officer sets up the net but in general 
does not participate directly in its functioning 
unless components in the net are changed, or 
unless it is necessary to control it for other 
reasons. 

In general, so far as shipboard communica¬ 
tion operations in shore bombardment are con¬ 
cerned, if communications are carried on through 
CIC, CIC follows these procedures: 
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1. Locates on the chart the target assigned 
by the shore fire control party. 

2. Furnishes bearing, range, and elevation 
to control and plot. 

3. Checks the computed solution with CIC's 
plotted solution. 

4. Relays spots received from the shore fire 
control party to control and plot. 

5. Plots forward lines continuously and ac¬ 
curately. 

OPERATIONS 

Naval gunfire has many capabilities, advan¬ 
tageous for troop support in landings, which 
conventional land artillery does not possess. 
These include: 

1. AVAILABILITY. Gunfire support ships are 
continuously available before, during, and after 
the landing, as long as the zone of action ashore 
is within the range of the ship’s guns. 

2. MOBILITY. Within the limitations of navi¬ 
gation, ships can move rapidly from one area 
to another as the situation ashore develops. 


RADIO CONNECTION 
PHONE CONNECTION 
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Figure 12-23. — Shore fire control spotting net. 
Schematic. 


At the same time, the most favorable ranges 
and lines of fire can be fully exploted, and 
enemy counterfire can be evaded. 

3. HIGH RATE OF FIRE. Powder loading and 
mechanical ammunition supply makes it possible 
to deliver a large volume of fire in a short time. 
This characteristic is of great value in neutral¬ 
ization missions, where it is necessary to satu¬ 
rate the target area with a large volume of fire. 

4. HIGH MUZZLE VELOCITY AND FLAT 
TRAJECTORY. Naval guns, particularly those 
of heavy caliber, have great penetration and 
destructive power, expecially against installa¬ 
tions presenting vertical surfaces. 

5. SMALL DEFLECTION PATTERN. The 
comparatively small dispersion in deflection of 
naval guns makes them valuable for close sup¬ 
port of troops when the line of fire can be made 
parallel to the troops' front line (enfilade fire) 
(fig. 12-22, part A). 

Selection of Weapons 

Selection of the guns or weapons to be used 
in naval gunfire support is determined by the 
nature and size of the target to be engaged, and 
by the proximity of friendly troops to the target. 
The 5-inch gun is normally used for close sup¬ 
porting fire; its rapid rate of fire and relatively 
small pattern size make it an excellent weapon 
for neutralization and destruction of targets 
immediately in front of advancing troops. De¬ 
stroyers are usually assigned close supporting- 
fire duties because their maneuverability permits 
them to shift positions easily and quickly and 
to take positions close inshore for direct fire 
on targets in coastal areas. 

Eight-inch guns, with their great accuracy at 
long range, are normally reserved for deep 
supporting fire. The lethal bursting radii of pro¬ 
jectiles from these guns limit their employment 
in close support. Moreover, ships mounting 
these guns (cruisers) are hampered in respond¬ 
ing quickly to fire commands because they are 
less maneuverable than destroyers, and their 
fire control organization is more complex. The 
larger ships also have additional duties. De¬ 
structive power of large-caliber projectiles 
makes them particularly effective against heavy 
installations ashore. 

Six-inch guns are suitable for either close or 
deep support, but the light cruisers mounting 
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these guns are better adapted for deep support 
use, since their maneuverability is restricted. 

Three-inch and 5-inch guns of DEs and 
APDs, are suitable for harassing fire missions 
of the sort often executed against areas remote 
from our own troops, such as towns, harbors, 
and coastal air strips. The use of these ships 
for this purpose provides a necessary feature 
of support, and releases ships with more accu¬ 
rate fire control equipment for use where pre¬ 
cision fire is required. 

Three-inch guns are effective for area neu¬ 
tralization where heavier guns are not required. 
The guns are particularly effective against shore¬ 
line targets, especially enemy personnel in caves. 
When such fire is controlled by the dual-purpose 
gun directors, it is accurate and effective at 
short ranges; when not so controlled, larger 
safely margins with respect to own troops must 
be allowed. 

Sixteen-inch guns are most effective against 
reinforced concrete pillboxes up to 10 feet thick 
and other similarly strong land gun emplace¬ 
ments. Since the maneuverability of battleships 
that mount these guns are restricted, the six- 
teen-inch weapon systems are better adapted for 
deep support against shore targets. 

Selection of Projectiles and Fuzes 

Selection of the projectile type to be used in 
support of troops depends upon the type of target 
and the effect sought on that target. Because in 
shore bombardment a battery is likely to be 
shifted frequently and rapidly from one target 
to another (quite likely of different type, requiring 
a change in ammunition), ammunition-handling 
personnel should be prepared to change pro¬ 
jectiles and fuzes on very little notice. 

High-capacity (HC) projectiles are especially 
for use in shore bombardment. They have great 
explosive content (at the expense of penetrative 
ability) and produce a heavy blasting and frag¬ 
mentation effect. HC is therefore suitable for 
neutralization or for destruction of relatively 
light installations. 

Antiaircraft common (AAC) projectiles are 
similar to HC projectiles in explosive and pene¬ 
trative qualities. Their effective bursting radius 
of 35 to 50 yards fits them for close-support 
neutralization fire. 

Armor-piercing (AP) and common (COM) 
projectiles are designed to penetrate armor 
plate before detonating. Their use in shore 
bombardment is limited to fire on fixed enemy 
defenses, such as concrete piUboxes and block¬ 


houses which cannot be reduced by HC pro¬ 
jectiles. 

White-phosphorus (WP) projectiles have been 
found very useful for screening, incendiary, and 
antipersonnel effect. They may also be used as 
“identifying or marker shot” to identify salvos, 
to permit spotting when the impact burst is in¬ 
visible due to foliage, or to give a prearranged 
signal to the troops supported. 

Illuminating (ILLUM) projectiles are used to 
provide illumination only. 

Fuzes used with HC, AAC, and WP pro¬ 
jectiles may be selected to meet different ob¬ 
jectives. Mechanical time fuzes may be used 
to provide air bursts for maximum effect against 
personnel and light equipment. They should be 
set to burst 25 to 50 feet directly above the tar¬ 
get. Proximity fuzes, which require no advance 
setting, accomplish the same purpose with 
greater accuracy and less difficult fire control, 
as they compensate automatically for variations 
in ground elevation. Point-detonating fuzes also 
require no advance setting but produce a lower 
and more concentrated burst, often desirable 
for demolition. Base-detonating fuzes are, of 
course, required against armored or other heavy 
structures. 

Target Intelligence 

Before undertaking any bombardment of land 
targets, a thorough familiarily with the terrain 
and hydrographic features of the objective, and 
with the location of profitable targets, must be 
acquired. The study of available charts, maps, 
aerial photographs, radar PPI simulations, mo¬ 
saics, and other pertinent information wiU be 
necessary for rapid, effective troop support. 
Normally these charts, maps, photographs, and 
target information are furnished each fire-sup- 
port ship prior to the operation. The system¬ 
atic destruction of defense requires the continu¬ 
ous assembly and evaluation of targets known 
beforehand, and of those discovered in the course 
of the operation. Damage assessment must be 
based upon visual observation and photo analysis. 
A common error is over-optimism as to the 
effectiveness of naval fire against land targets. 

Effective support of troops by naval gunfire 
depends on certain operating principles and 
techniques of delivery —what might be called 
tricks of the trade, or recommended operating 
practice. This article briefly discusses a num¬ 
ber of these principles and recommended tech¬ 
niques. 
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• PREREQUISITES TO EFFECTIVE SUP¬ 
PORT FIRE. Prerequisite to effective support 
are proper alignment of the fire control system 
and gun battery, rapid and reliable internal and 
external communications, and well-trained ship 
control, fire control, and gun control personnel. 

For optimum effectiveness, personnel aboard 
a firing ship should be thoroughly familiar with 
the land areas the ship is assigned to cover. This 
can be achieved through repeated firing, obser¬ 
vation, and analysis. Consequently, it is best to 
avoid shifting ships to different areas of respon¬ 
sibility once their personnel have become ac¬ 
quainted with the areas originally assigned. 

• COUNTERBATTERY FIRE. The first duty 
of naval gunfire in all phases of support is 
immediate and effective silencing of heavy enemy 
weapons which open fire on our forces. Hence 
a counterbattery plan anticipating all contin¬ 
gencies must be in constant readiness, and fire- 
support ships must be ready and alert at all 
times for the delivery of this fire. If the source 
of enemy fire is not known, heavy counterbattery 
fire on suspected sources is delivered until the 
enemy battery is located. The whereabouts of 
friendly forces must be kept in mind during such 
an attack. 

• USE OF ILLUMINATING PROJECTILES 
(star shells). Illumination of land areas by naval 
star shells is effective in preventing enemy 
counterattacks, infiltration, and the movement of 
enemy troops at night. Its morale-boosting effect 
on our own troops generally results in requests 
for exorbitant star-shell expenditures to produce 
unnecessary illumination of the land area through¬ 
out the night. Except during actual enemy counter¬ 
attacks, star shells fired at a reduced rate and 
at irregular intervals normally discourage enemy 
movement. Maximum benefit from the limited 
supply of star shells available requires judicious 
control and coordination by troop units to avoid 
silhouetting own forces ashore and afloat. When 
delivering illumination fire, the line of fire must 
be so adjusted with relation to our front lines 
that friendly troops are not endangered by star- 
shell bodies. Searchlight illumination for troop 
support is generally unsuccessful; it almost in¬ 
variably draws enemy fire on the ship employ¬ 
ing it. 

Close cooperation between ships and the 
troop units assigned for support is essential, for 
information between supporting ships and troop 
units can ensure intelligent and effective fire 
support. Of particular importance is the safety 


requirement that all fire-support ships main¬ 
tain an up-to-date plot of own-troop front-line 
positions as periodically announced by landing 
force elements. This not only prevents endanger¬ 
ing own troops, but permits selection of the 
most suitable line of fire with respect to troop 
lines, and safeguards friendly aircraft operating 
in the area. 

SPOTTING 

As the study of exterior ballistics has indi¬ 
cated, not all the factors which affect the flight 
of a projectile can be precisely evaluated in 
advance of firing. Even with the best fire control 
equipment available, experienced gun crews, and 
efficient fire control personnel, the opening shots 
may not hit the target. It is therefore necessary 
to apply corrections (or spots) to the initial 
firing data to bring the shots on the target. 
The corrections are applied to gun-laying data 
for subsequent rounds fired. This technique is 
called spotting. 

DEFINITIONS 

The terms defined below relate to gunfire 
and spotting: 

SLOW FIRE: Firing deliberately delayed to 
allow for application of spots, or to conserve 
ammunition. 

RAPID FIRE: Firing is NOT delayed to apply 
corrections. 

SALVO: One or more shots fired simultane¬ 
ously by the same battery at the same target. 

SLOW SALVO FIRE: Guns are loaded on 
command and fired together at a fairly slow 
rate. 

RAPID SALVO FIRE: Guns are loaded on 
command and fired together at a RAPID rate. 
(Both slow and rapid salvo fire are used to 
establish a hitting range to a surface or land 
target.) 

RAPID CONTINUOUS FIRE: The fastestfiring 
method for “5” guns. The pointer’s firing key 
is locked in the closed position. Rate of fire 
depends only on the loading speed. 

RAPID PARTIAL SALVO FIRE: For a turret 
(6" and above), synonymous with rapid continuous 
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fire for a 5" gun. (Both of these types of fire 
will most often be used after the hitting range 
has been established or, in the case of the 5" 
gun, against aircraft.) 

MPI: Mean Point of Impact. Is the geometric 
center of the points of impact of the various 
shots of a salvo. Excludes wild shots (fig. 12-24). 

WILD SHOT: Shots with an abnormally large 
dispersion in range or deflection, or both. 

PATTERN: Area covered by the points of 
impact of the shots (except wild shots). The 
pattern in range is the distance measured parallel 
to the line of fire between the point of impact 
closest to the battery and the one farthest away, 
excluding wild shots. The pattern in deflection 
is the distance, measured at right angles to the 
line of fire, between the point of impact farthest 
to the right and the one farthest to the left, 
excluding wild shots. 


a horizontal plane. Dispersion in range is positive 
when the shot falls beyond the MPI. Dispersion 
in deflection is positive when the shot falls to 
the right of the MPI. The algebraic sum of the 
dispersions in range (or deflection) of the several 
shots of a salvo must equal zero. (See definition 
of MPI.) 

APPARENT MEAN DISPERSION: In range 
(or deflection) the arithmetical average of the 
dispersion in range (or deflection) of the several 
shots of the salvo. Excludes wild shots. 

TRUE MEAN DISPERSION: Arithmetical mean 
of the dispersions in range (or deflection) of an 
infinite number of shots, all assumed to have 
been fired under conditions as nearly the same 
as possible and excluding wild shots. 

HITTING SPACE: In range, the area behind 
the target in which a shot through the target 
will land (fig. 12-25). 


DISPERSION: Distance of the point of impact 
of that shot from the MPI. Dispersion in range 
is measured parallel to the line of fire, and in 
deflection at right angles to the line of fire, in 



DANGER SPACE: Distance in front of the 
target, measured parallel to the line of fire, 
that the target could be moved toward the firing 
point, so that a shot striking the base of the 
target in its original position (fig. 12-25). At 
most ranges, danger space is virtually equal 
to hitting space. 

STRADDLE: Obtained when some of the shots 
fall short and some beyond (right and left) of the 
target. Wild shots are not considered. The target 
in view A of figure 12-24 has been straddled. 

ERROR OF MPI: Distance from the target 
(fig. 12-24) or other reference point, such as 
the center of the hitting space, measured (in a 
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MOVED TO THIS 
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TARGET COULD BE 
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POINT AND 
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92.57 

Figure 12-25. — Hitting space and danger space 
in range. 
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horizontal plane) parallel to the line of fire 
for range and at right angles to the line of fire 
for deflection. 

THE SPOTTER 

The primary function of the spotter is the 
correction of range and deflection errors of 
the MPI so as to bring the shots on the target. 
Prompt and accurate correction of initial errors 
may be the deciding factor in a naval engagement. 
He bases these corrections on his own obser¬ 
vations combined with those of the fire control 
radar operator. As a rule, in good visibility 
the spotter will estimate the necessary deflec¬ 
tion correction, and range corrections will be 
obtained from the radar. Under unfavorable 
conditions both range and deflection corrections 
will be obtained from the radar. 

If radar fails, optical spotting must sub¬ 
stitute. In the initial discussion of the spotter’s 
problems, it will be assumed that radar is 
not available. 

ALLOWING FOR SPLASHES: With a high¬ 
speed surface target, the spotter should bear 
in mind that the apparent MPI in deflection 
should be held abaft the point of aim to allow 
for target travel while the splashes are form¬ 
ing. Do not assume that full splashes form 
instantaneously at the impact of a salvo. The 
time lag is only a few seconds at most, but is 
sufficient to allow considerable movement Of 
a fast target. 

Spotter Qualifications 

A good spotter should have the following 
qualifications: 

1. An even, calm temperament, not excitable 
under stress. 

2. Sound judgment. 

3. Decisiveness. 

4. Alertness. 

5. Normal eyesight, hearing, and speech. 

Visual Estimate of Target 
Course and Speed 

Besides his primary function of correcting 
the fall of shot, there are other functions which 


the spotter must perform before and during 
firing. In general these are: 

1. Describe the enemy forces (general bear¬ 
ing line, number of ships, deployment, etc.). 

2. If he is also acting as the control officer, 
he estimates the values of range, target angle, 
and target speed, and keeps plot informed of 
all changes to these values. 

3. Keep control informed of the tactical situa¬ 
tion. 

There are other duties which the spotter may 
be required to perform. Their exact nature will 
vary with different types of ships. The spotter’s 
detailed duties and spotting procedures are pre¬ 
scribed in the ship’s Weapons Department Organ¬ 
ization Manual, and in fleet doctrinal publications. 
(NWIPs, etc.) 

To arrive at a solution of the fire control 
problem, the computer must have target course 
and speed. Often the spotter can by observation 
through binoculars get these data. 

To determine target course, the spotter must 
be able to estimate accurately target angle (i.e., 
relative bearing of own ship as seen from the 
target). 

To estimate target angle the spotter must 
know the structural details of all likely targets. 
Silhouettes of all probable targets are furnished 
each ship. The spotter should study the details 
of these visual aids, not only for the purpose of 
recognizing the enemy, but also for estimating 
target angle. In estimating target angle, the 
spotter should make use of prominent objects 
such as bridges, breaks in the deck, stacks, 
masts, and other features. By observing the 
opening and closing of the apparent distance be¬ 
tween such details, the spotter can estiamte the 
angle the enemy ship makes with the line of 
sight. 

Target speed can at least be only roughly 
estimated. Here again, knowledge of enemy ships 
is valuable, particularly as regards maximum 
speeds. Targets speed may be estimated as 
about 1 or 2 knots less than the maximum speed 
of the slowest ship in the formation. 

To make the best speed estimates you must 
have extensive training and experience. The aids 
used by a spotter in a direct estimation of target 
speed are smoke from the stacks, bow wave, and 
stern wake. 
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METHODS OF SPOTTING 

As in other operational communications, there 
is a prescribed terminology and message sequence 
for spotting. These are published in fleet opera¬ 
tional directives which you will use on active duty. 
The examples below show the general practice 
at the present time. 

SURFACE FIRE. For surface fire, only range 
and deflection are spotted. The correction nec¬ 
essary to bring the MPI on the target is given 
in the following terminology sequence. 

1. Deflection correction—RIGHT or LEFT, 
in mils. 

2. Range correction—ADD or DROP, in 
yards. 

Where no correction is necessary, the desig¬ 
nation NO CHANGE is used. Typical examples 
of spot transmissions by telephone are RIGHT 
10, ADD 1,000 or DROP 500. 

A A fire. For air targets, corrections to 
bring the burst on the target are needed in three 
dimensions. Even well-trained personnel find 
it almost impossible to estamate errors rapidly 
in three dimensions. AA spotting is therefore 
generally limited to correcting for obvious con¬ 
stant system errors. 

The proper terminology for spotting in AA 
fire is as follows: 

1. Deflection correction—RIGHT or LEFT, 
in mils. 

2. Height-of-burst correction—UP or DOWN, 
in mils. 

3. Range correction—ADD or DROP, in yards. 

Deflection and evaluation spots normally are 
made by the control officer. Range spots will be 
made by the rangefinder or radar operator. 

NAVAL GUNFIRE SUPPORT. In shore bom¬ 
bardment, as in AA fire, spots in three dimen¬ 
sions may be necessary. The terms are the 
same as in the preceding paragraph, but the 
units are not the same. When naval guns are 
used to support landing operations, joint forces 
are involved. The Navy, Army, and Air Force 
have a standardized spotting terminology for 
joint operations which differ from the above, 
in that all corrections for indirect fire are 
spotted in yards. At the computer, deflection 


and elevation spots must be converted to angular 
units before being applied to the computer. 

There are three methods of visual spotting: 

1. Direct. 

2. Bracket-and-halving. 

3. Ladder. 

The method used depends on the type of 
battery firing, type of target, visibility, and range. 

Direct Method 

Spotting by the direct method is, as its name 
implies, the spotting of salvos (splashes) direct 
to the target. This is the most desirable pro¬ 
cedure, but its use is limited to shorter ranges 
and conditions of good visibility. For reasonably 
accurate visual spotting at a range of 15,000 
yards, a spotting height of 120 feet is required. 
The splash must be relatively close to the target, 
and the rangekeeper set-up fairly accurate. 

A thoughtful analysis of the problem with 
reference to the spotting diagram in figure 12-26 
reveals that the greatest limitation of the direct 
method in visual spotting is in range. Deflection 
spots can be made with equal accuracy at any 
visible distance. If, then, air observation is 
available, and the plane spots in range with 
the ship spotting in deflection, the direct method 
can be used by the battery at any range at which 
a portion of the splash is visible to the ship¬ 
board spotter. Air spotters cannot spot accurately 
in deflection unless they have a line of sight 
containing the firing ship and the target. 

Spotting the fall of shot at very short ranges 
differs from other spotting problems in that 
range errors are not difficult to judge. How¬ 
ever, in determining deflection errors at short 
ranges, consideration must be given to the travel 
of the target and the spotter’s position relative 
to the line of projectile flight. For example, 
with the firing ship and target on opposite 
courses, target to starboard, a shot fired with 
correct deflection but long in range will appear 
to the spotter to be in error to the left of the 
target. Special short-range splash diagrams aid 
the spotter in this type of firing. 

Bracket-and-Halving Method 

Bracket-and-halving is used at long ranges 
when no air or radar spot is available. At 
great distances it is impossible to tell if a 
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Figure 12-26. —Practice diagram for range spotting. 


splash is short of or over a target, unless the 
two are in line. If the splash and target are 
not in line, the first spot is made in deflection 
only. When target and splashes are in line in 
deflection, a range spot is made in such a 
direction and amount as to “cross" the target 
definitely. The direction of the next spot is 
reversed, and the size of the spot is cut in half. 
This “halving" is continued until a straddle 
is obtained, at which time it may be appropriate 
to shift to rapid partial salvo or to rapid con¬ 
tinuous fire. The spot should not be reduced 
below pattern size. 

Ladder Method 

When ranging is difficult and visibility poor 
becuase of fog, smoke, or darkness, the ladder 


technique is valuable. Ladders are not particu¬ 
larly adaptable to fast-moving targets. There 
are many variations of this technique, but the 
basic procedure is: 

1. Fire is deliberately opened short. 

2. Succeeding salvos are fired to approach 
the target in steps not less than pattern size. 

3. As soon as the target is crossed, the 
steps are reversed and halved until the target 
has again been crossed. 

After the target is straddled, a rocking ladder 
may be used with slow timed fire, or with 
rapid partial salvo or continuous fire. In a rock¬ 
ing ladder the pattern is shifted back and forth 
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across the target by small arbitrary successive 

spots, such as +100, 0, -100,. 

introduced at the computer. Its effect is to 
increase the pattern size, which may be valu¬ 
able when firing against a target capable of 
rapid maneuvering. The rocking ladder can be 
used in conjunction with air or radar spotting, 
so long as the spotter is kept informed that 
this technique is being used. 

When the rocking ladder method is used the 
computer operator in gun plot automatically 
introduces the arbitrary spots into the computer. 
The spotters job at this time is to observe the 
effects of the arbitrary spots and report any 
changes in target course and speed. 

SPOT PYRAMIDING 

SPOT-PYRAMIDING is the application of a 
new spot before the effect of a previous spot has 
had time to become apparent. It can occur 
only in rapid fire, when the interval between 
shots or salvos is less than the time of flight 
plus the spotting interval. In that case, when 
a salvo lands there are one or more other 
slavos in the air. Suppose the spotter makes 
a spot on the salvo which has just landed. This 
spot is applied and a new salvo is fired. Then 
one or more of the slavos which were already 
in the air lands, and the spotter, forgetting that 
his previous spot has not had time to show its 
effect, spots again. This spot is applied to the 
next salvo fired, with the result that this salvo 
is overcorrected and will probably miss, as 
will subsequent salvos until the spotter sees 
his mistake and spots back again. 

The time of flight clock signal helps to avoid 
pyramiding. A button on a mechanical time clock 
is pressed in the plotting room when the salvo 
on which a spot is applied is fired. The clock 
has been preset to ring just before the time of 
flight of the projectile ends. Before the salvo 
lands, the mechanism sounds a buzzer. This 
information is then relayed to the spotter via 
sound-powered phones. 

Because spot pyramiding is common and has 
a disastrous effect on accurate control of fire, 
the measn used to prevent it must be carefully 
and correctly operated. For example, if the 
time-of-flight mechanism operator forgets to 
press the button for a spotted salvo, and the 
spotter waits for the signal, he may continue 
to wait after it becomes apparent that his pre¬ 
vious spot was incorrect. 

When modern fire control systems are being 
used to solve the fire control problem, the rate 


control process is used to make constant cor¬ 
rections to the solution. If spots are applied at 
the same time as rate control corrections, the 
effect is the same as pyramiding of spots. Under 
normal circumstances, AA fire is rate controlled. 
Hence spotting of air bursts is rare. 

SPOTTING WITH RADAR 

Radar spotting has proved to be both accurate 
and reliable within the range of surface batteries. 
Radar provides a means of spotting which is 
independent of conditions of visibility, so that 
blind spotting is possible with blind firing. 

Shell splashes appear on the scope as fluc¬ 
tuating echoes which last for several seconds, 
depending on the size of the projectile and the 
range. The large column of water thrown up 
by the projectile produces the echo. Salvos 
produce larger or multiple echoes on the scope. 

If the projectile stays within the vertical 
limits of the radar beam, its flight to the point 
of impact can be followed on the scope on main 
sweep. The projectile produces a small, weak, 
moving echo which begins at the edge of the 
scope and moves out in range toward the target. 
At the point of impact the echo stops and grows 
larger as the splash builds up. Echoes from 
direct hits or near misses will be lost in the 
target echo, while salvos which straddle the 
target may envelope the target echo in the midst 
of the splash echoes on the scope, thereby making 
it impossible to distinguish individual splashes. 
Range errors can usually be estimated by radar 
with greater accuracy than by optical spotting, 
but deflection spotting with radar is difficult, 
especially when the error is small. Near misses 
sometimes merge with and are indistinguishable 
from the target pip. Consequently, repeated 
salvos can land with a 2-mil to 5-mil error 
which is not separately distinguishable but may 
not be hits. Target practice is used to determine 
the minimum deflection error that can be detected 
on a particular radar. When radar is the only 
means available for deflection spotting, deflection 
“rocking ladder” should be used. The order of 
preference in spotting surface fire is usually: 
RANGE —radar-, air, and visual; DEFLECTION 
— visual, radar, and air. 

In night action, or action under reduced 
visibility, radar normally spots for both range 
and deflection. 

Secondary methods are used by the director 
and in fire control plot when gun orders can not 
be received at the gun mount due to fire control 
equipment failure. In earlier linear-rate systems, 
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the director can be driven manually in event of 
power drive failure. Range, bearing, and elevation 
data can be sent to plot by telephone if synchro 
transmission fails, as can firing orders to the 
mount if the firing circuit fails. In the event of 
stable element failure, some older fire control 
systems can be stabilized manually by a crew¬ 
man who keeps a telescope LOS aligned with 
the horizon. If synchro transmission fails with 
any computer inputs or outputs, data can be 
introduced manually or read from dials and 
telephoned from plot, but neither stable element 
nor computer can function without the proper 
supply. When any failure prevents data from 
reaching the gun mount, secondary methods must 
be used at the gun mount. 

LOCAL CONTROL 

So far in discussing fire control, we have 
concentrated on the primary methods of battery 
operation. These are the ones most commonly 
used, and the ones which permit employment of 
the ship’s armament with the greatest efficiency. 
But battle damage, personnel losses, and acci¬ 
dents can disable any system to the extent that 
some secondary operating methods are essential 
if the system is to keep operating at all, even if 
not at full efficiency. Aboard ship you will not 
only employ such methods in battle operations, 
but also in training for such emergencies. 

All 3" gun mounts and larger are equipped 
with adjustable sights. With these, it is possible 
to offset the gun bore axis from the LOS to the 
desired sight angle and deflection. This function 
is performed by a crewman called the sight- 
setter, who mans the sight-setting indicator. In 
gun mounts 5-inch and larger, this unit contains 
hander anks and gearing for physically moving the 
sight optical units (or moving optical parts within 
the sights), and two sets of dials (fig. 12-27A and 
B). One set, driven by the sight gearing, dis¬ 
plays present sight angle and deflection. The 
others are synchro-driven to display sight angle 
and deflection ordered by the computer. (3"/50 
mounts do not have the synchro-driven dials.) 
Even in automatic operation the sightsetter mans 
his station and cranks the sight gearing to keep 
the sight indicator dials matched up with the 
computer-controlled dials so that the LSO of the 
gun sights remains on target although the gun 
bore axis is offset in accordance with the sight 
angle and deflection components of gun order. In 
3"/50 and 5"/38 mounts, an extra range dial 
coupled to the sight angle crank reads directly 
in yards of range to a surface target. 


In all types of secondary (local) control the 
gun must be laid by gun-laying' personnel on the 
mount. In older types like 40-mm and 5"/38 
mounts the pointer on the left side of the mount 
elevates and depresses the gun while the trainer 
(on the right) trains the mount. Each gun layer 
has a gun sight. They may either control the 
mount power drive or position the mount by their 
own musular effort (manual operation). 

In 3"/50 RF (rapid-fire) mounts, and auto¬ 
matically loaded 5"/54 mounts, there is no pro¬ 
vision for completely manual operation. The 
mount can be operated in local, but only if the 
power drive is functioning. Manual operation is 
limited only to maintenance and stowing move¬ 
ments. In such mounts, either of the gun layers 
can take over compleye local control of gun 
positioning. 

In local control, gun layers must work with 
the sightsetter. Here is the basic procedure: 

1. The gun layers position the mount so that 
their lines of sight are on target, and they con¬ 
tinue positioning it to keep on target. 

2. Most mounts have synchro-driven dials 
(as in fig. 12-27, part B) which indicate com¬ 
puted sight angle and deflection. The sightsetter 
cranks in sight angle and deflection until the 
outer dials (positioned by his hander anks) match 
the inner (synchro-driven) dials. This action 
simultaneously repositpons prisms in the sight 
optical systems, causing the telescope lines of 
sight to shift off target. 

3. The gun layers drive the mount to keep on 
target. This automatically offsets the gun bore 
axis by the angles that the sightsetter has cranked 
in. 

Figure 12-27, part A, shows the handerank 
arrangement; part B shows in more detail how 
the dials look when matched. The fixed index 
shows the angular values actually cranked in. 
It is used when there is no synchro transmission; 
under these conditions, the information is either 
transmitted by phone or comes from the mount 
captain, based on his estimate of range, ballistic 
corrections, and lead. 

On mounts 5-inch and larger, the sights are 
carriage mounted. The sights therefore train 
with the carriage, but the carriage doesn’t 
elevate. To make the sights elevate with the 
gun, they must be driven by a mechanical linkage 
from the elevating gear. Thus the sight angle 
prisms in the optical systems must be positioned 
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Figure 12-27. —A. Sight-setting component arrangement. B. Sight angle and deflection dials. 
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by the algebraic sum of two inputs — gun eleva¬ 
tion and sight angle. This is the function of a 
mechanical differential in the sight angle gear 
train. 

Mounts smaller than 5-inch have slide- 
mounted sights that elevate and train with the 
gun barrel. The differential is not needed. Nor 
do mounts smaller than 5-inch have synchro 
receivers for sight angle and deflection. When 
necessary, computed sight values are trans¬ 
mitted by phone. 

In normal local control operations, all firing 
is controlled at the gun or mount. Guns are loaded 
and fired on command of the gun or mount cap¬ 
tain. Pointer, trainer, and sightsetter are respon¬ 
sible for correct gun laying, but pointing and 
training are done by means of the sight tel¬ 
escopes. When the pointer and trainer are on 
target, the pointer closes his firing key to fire 
the gun. The gun captain also is the spotter. 

Following are brief discussions of the duties 
of gun crew members. 

1. The POINTER operates a handwheel that 
elevates and depresses, or points, the gun. He 
looks through a telescope (pointer’s sight), with 
horizontal and vertical crosshairs, which moves 
as the gun moves. This telescope is also capable 
of independent movement, over which the pointer 
has no control. 

Because of this, when the pointer has the cross¬ 
hairs of his scope on target, he may be looking 
at the target, but his gun is elevated ABOVE it. 
The angle between his line of sight and a line 
through the gun bore is the Sight Angle. 

The pointer does NOT set the sight angle. 
It is his business to keep the horizontal cross¬ 
hair on the target. When the gun is in local 
control, he fires when the two wires that inter¬ 
sect are at the point of airm. 

2. The TRAINER operates a handwheel that 
turns (trains) the gun from side to side. He 
also has a telescope (trainer’s sight) with cross¬ 
hairs. Like the pointer, the trainer has no con¬ 
trol over his telescope, except, of course, that 
as he trains the gun, the scope trains with it. 
It is the trainer’s business to keep his vertical 
crosshair on target. 

3. The SIGHTSETTER is the man who is 
responsible for moving the pointer’s and trainer’s 
sights with respect to the gun. He has a handcrank 
for sight angle, and another for delfection angle 
(fig. 12-27A). Zeroing is done by handcrank. 
Sight angle is zeroed by turning the elevation 


input handwheel until the sight angle dial reads 
2000 minutes (fig. 12-27). Deflection is zeroed 
by turning the deflection input handwheel until 
the deflection dial reads 500 mils. 

As stated before, deflection spots are made 
in mils; they are applied by means of the 
deflection input handwheel. Range spots are 
made in yards by means of the elevation input 
handwheel, which also moves the range dial 
(graduated in yards). (See figs. 12-27 and 12-28.) 

The correct phraseology for range is Add 

(Drop)_yards. All spots are given to 

the sightsetter by the mount captain. When the 
spots are cranked into the sightsetters regular 
the word is passed to the mount captain using 
the phraseology Deflection “Set” Range “Set”. 

As we already know spots in deflection are 
made in mils. Since this is important to the spotter 
let us cover this subject once again. A mil is 
an angular measurement which will correct 
deflection’s of 1 yard for each 1000 yards of 
range. (See fig. 12-17.) Thus, 1 mil will move 
the fall of shot 1 yard at 1000 yards range, 
2 yards at 2000 yards, 3 yards at 3000 yards, 
and so on. Five mils, of course, would move 
the fall of shot 5 yards for each 1000 yards of 
range; 10 mils, 10 yards; 20 mils, 20 yards; 
and so on. 



84.84 

Figure 12-28. — The range dial. 
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How the mil is used when spotting shall be 
covered later in this chapter when we show an 
example of how the spotter solves the problems 
related to spotting. 

To estimate the range to a surface target 
you must have a reference point whose range 
you know. In day time the horizon is the logical 
thing to use for a reference. If the range to the 
target can not be obtained from the battery 
officer, C I C. gun plot or from various look¬ 
out’s then you must use the horizon for your 
reference. For example, if your eye level is 
30 ft. above the water line the horizon would 
be approximately 12,750 yds. away. If height 
of eye is 25ft., the range would be approximately 
11,550 yds., see figure 12-29. The key to esti¬ 
mating ranges is the appearance of the main 
deck of the target in relation, to the horizon. 
If the target is on the horizon, the range will 
be 12,750 yds. if your eye level is 30 ft. above 
the water line (It must be under stood that all 
ranges are approximations). As the target moves 
toward your ship more water can be seen be¬ 
tween the target and the horizon. If the amount 
of water is the same between your ship and the 
target and from the target to the horizon the 
target will be halfway between your ship and the 
horizon or half the range to the horizon about 
6,350 yds. This method will be much better 
than haphazard guesses and should put you open¬ 
ing salvo close enough to the target so you will 
be able to make spot corrections. The first step 
after firing your first round is to spot the fall 
of shot in deflection so that the next round will 
be moved closer to the center of the target. 
Once this is done you can then use the target 
for estimating range spots, the distance be¬ 
tween the fall of shot and the target. 

The DIRECT METHOD of spotting will be 
used to explain the principles of spotting. Using 


this method you make corrections to bring your 
splashes directly onto the target. This method 
works reasonably well at close range with good 
visibility. 

SPOTTERS PROBLEM 

In the following example you are the mount 
captain. You have received orders to engage 
an enemy destroyer on a bearing of 270 degrees 
relative. Your job is to put that destroyer out 
of action before he can damage your ship. The 
type of ammunition selected is A.P. projectiles. 
Before you take the destroyer under fire you 
check to see that you have the following equip¬ 
ment set up properly. The fuze setter should be 
set on safe and the sightsetter’s dials set to 500 
mils for deflection and 2,000 minutes for sight 
angle, (zero setting for local spotting), make 
sure that ammunition hoists are loaded with 
the correct type of ammunition, you and your 
crew are now ready to take the destroyer under 
fire. 

First you must estimate the range to the 
target. Using the horizon as a reference, you 
estimate his range at 3,500 yards, for example. 
For your first slavo leave the deflection dial 
at 500 mils or zero. Pass on to your sightsetter 
the foUowing orders: “Deflection zero, range 
3,500.” The sightsetter sets these estimates 
into the sightsetter’s regulator and notifies the 
mount captain of the fact by the following words 
“Deflection Set, Range Set.” On your command 
the gun is loaded. The pointer and trainer 
elevate and train the mount, to bring their 
respective crosswires on the target. When on 
target, the pointer fires. (See fig. 12-30.) If, 
for example, the fall of shot appears to be about 
400 yards beyond and 15 yards to the right 
of the target, pass on the sightsetter, “Left 


APPROXIMATE 
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Figure 12-29.— Estimating ranges. 
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Figure 12-30. — Direct method of spotting. 


5, Drop 400.** Five mils deflection will move 
the splash 15 yards at 3,000 yards range. 

The gun is loaded again. You receive “Set” 
from the sightsetter. The pointer and trainer 
position their crosswires back on the center 
of the target, and when on target, the pointer 
fires. You, observe this fall of shot (fig. 12-30) 
to be directly in line but short of the target. 
You estimate that the splash is 200 yards short. 
You order to the sightsetter is “No Change; 
Add 200.” As this correction is entered into 
the optical system, the gun is loaded. When 
you receive “Set” from the sightsetter and 
“ON target” from the pointer and trainer, the 
pointer again fires. If you see that your spotting 
has resulted in a hit, you order “No Change, 
No Change” and “Rapid, continuous fire.” This 
type fire is maintained until the target is destroyed 
or until cease fire orders are received from the 
the director officer. 


SAFETY 

On 1 October 1951, one 5-inch 38-caliber gun 
aboard a destroyer fired into another mount. As 
a result, 6 men were killed and 15 wounded. 

In the investigation that followed, the com¬ 
manding officer and the weapons officer stated 


that they were unaware that such an accident 
was possible. If they had known that one gun 
could fire into the barrel of another, they would 
have — as prescribed by the general safety pre¬ 
caution —issued additional precautions intended to 
prevent such an accident. As it was, no warn¬ 
ings or precautions dealing with this hazard had 
been posted. 

The mount captain had not compiled adequately 
with safety requirements, for he did not use his 
sight port to observe the line of fire to insure 
that it was safe. The gun of mount two, the 
mount hit, was trained and elevated to a “ready” 
position. In this position, the gun barrel could 
be in the line of fire of mount one. Mount two 
was not firing; it was not to fire until after 
mount one had completed its firing. For safety, 
therefore, mount two should have been held 
“ready” at its normally secured position at 
zero degrees train. If it had been held “ready,” 
no accident would have occurred. 

The cut-out cam is designed to prevent firing 
into fixed objects of the ship’s structure. These 
include turrets, mounts, launchers, torpedo tubes, 
and cranes in their stowed positions only. Per¬ 
sonnel must see that such items do not endanger 
the line of fire. In this case, any one of several 
responsible individuals —the Commanding Offi¬ 
cer, the mount captain, or a safety observer — 
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could have prevented the accident. No mechani¬ 
cal defect existed. The failure was human. 

At the time of this casualty, the precaution 
read: 

/ When using director train while firing 
at gunnery exercises, an observer from 
the firing ship for each gun or turret 
shall cause the firing circuit to be broken 
whenever the gun or turret is trained 
dangerously near any object other than 
the designated target. 

The precaution has since been revised to 
its present form, to remove any doubt as to 
its meaning. The change was made partly as 
a result of this case. 


Ships will cease the firing of any gun whose 
line of fire is endangering any objects other 
than the designated target. These objects include 
friendly ships and aircraft and own ship’s struc¬ 
ture together with the mounts and launchers 
and their barrels, fixed or moving. This stip¬ 
ulation applies to objects in the vicinity of the 
firing point, throughout the trajectory, and in the 
vicinity of the target. Turrets, mounts, guns, and 
launchers which are not firing, while others are 
firing, shall be trained and elevated if manned, 
or secured if unmanned, in a manner that will 
provide the greatest amount of safety from the 
firing. This position of greatest amount of safety 
of the unmanned mounts will generally be that 
position which the firing cutout mechanism cams 
of the firing mounts were cut to clear. 
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CHAPTER 13 


FIRE CONTROL INSTRUMENTS AND TECHNIQUES 


A ship’s weapon system is defined as: the 
combination of a weapon (or weapons) and the 
equipment used to bring the destructive power 
of the weapon against the enemy. It includes 
units to detect, locate, and identify the target; 
deliver or start delivery of weapon to the tar¬ 
get; control delivery unit or weapon; and destroy 
the target. Weapons systems are made up of a 
combination of fire control systems that could 
include either gun, missile, or underwater fire 
control. 

In this chapter we explain the equipment that 
makes up a gun fire control system (for example, 
radar, directors, computers, and stable ele¬ 
ments). In order for a ship’s weapon system to 
inflict maximum damage on a target, information 
received at the gun mount or turret must be 
continuous and accurate. In a gun fire control 
servosystem, synchros are used to transmit 
and receive remote gun orders from a controlling 
director to the mount or turret under its control. 

Some gun fire control directors use a sight 
mechanism that helps compute the necessary 
gun corrections to ensure a target kill. The gun 
fire control system Mk 63 employs a lead¬ 
computing sight that is capable of tracking 
targets having a high angular rate. Since gun 
sights play an important role in gun laying both 
at the director and gun stations. The construction 
and functions of peep and ring sights, sight 
telescopes and lead-computing sights are 
explained. 

The fuze-setter located in the gun mount or 
turret plays an important part in a fire control 
system. The relationship of the fuze setter to 
the fire control system also is discussed. We 
begin this chapter by explaining the purpose 
and functions of gun sight mechanisms. 


GUNSIGHTS 

The primary purpose of any sight on a gun 
or director is to establish a line of sight from 


the observer to the target. When the target is 
distant, the sight may in addition provide an 
enlarged image of the target to improve accuracy. 
In the type of telescope described above, this 
is done by using the reticle cross hairs to estab¬ 
lish the line of sight, while the remainder of 
the optical system enlarges the target image. 

Optical instruments used in naval gun fire 
control systems present a magnified image of 
the target to the observer’s eye. At the same 
time, the observer sees an image of a retical 
or reference mark, located inside the instrument 
itself. By accurately superimposing the reticle 
image on the target image, the observer can 
establish an accurate line of sight to the target. 

Gun sights can be grouped into three general 
types. 

1. Simple sights without optical system 

2. Telescopic sights with fixed optical com¬ 
ponents 

3. Sights with movable optical components 
SIGHTS WITHOUT OPTICS 

An example of sights without optics is the 
peep sight used on infantry small-arms weapons, 
or the ring sight (figure 13-1) installed for 
emergency use on some antiaircraft gun mounts. 
The observer looks through the eyepiece. When 
he has the target in line with the center of the 
front sight, the line of sight to target is parallel 
with the gun bore. To provide for ballistic and 
other fire control corrections, the observer 
must offset the line of sight so that it diverges 
from the gun bore by a certain angle. He can 
judge the amount of offset in this simple sight 
by using the concentric rings and spokes of the 
sight instead of the sight’s center to align the 
line of sight to target. Use of this type of sight 
is restricted to targets at short ranges in 
emergencies when other methods are not avail- 
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Figure 13-1. — Open ring sight. 


able. Effective use of the sight to direct gunfire 
requires considerable training, and at best it is 
not as accurate as other systems. 

SIGHTS WITH FIXED 
OPTICS 

For longer ranges the eye needs optical aid, 
which means a telescope. Figure 13-2 shows 
several types now in use in naval armament. 
The optical system of the straight telescope (A 
in figure 13-2) is quite similar to that of a 
conventional terrestrial telescope, except that 
it includes a reticle—a glass plate on which is 
etched a pattern of two lines at right angles, one 
vertical and one horizontal. When the target 
appears to be located at the intersection of the 
two lines (which are called CROSSHAIRS or 
CROSSWIRES, although they’re usually made of 
neither wire nor hair) the telescope is on the 
line of sight to the target. 

SIGHTS WITH MOVEABLE 
OPTICS 

In enclosed mounts where some arrangement 
must be made for the line of sight to get through 
the mount shield, and in mounts where (fig. 13-3) 
construction doesn’t permit location of telescopes 


where the pointer and trainer can use the straight 
type conveniently at all elevations, you find 
prismatic telescopes. A prism can reflect light 
or “bend” the line of sight (fig. 13-3) as required 
without losing accuracy. Figure 13-2B illustrates 
a telescope with two prisms, for use where 
armor prevents installation of a straight tele¬ 
scope. 

Sights may be installed on a gun slide so that 
they train with the mount and elevate or depress 
with the gun. Such slide-mounted sights are found 
on gun mounts smaller than 5-inch. But in mounts 
5-inch and larger, the sights are carriage- 
mounted; they train with the gun, but as part of 
the mount structure they cannot elevate and 
depress with it (fig. 13-4). A way to solve this 
problem is to move some of the optical parts 
of the sight to shift the line of sight in deflection 
and elevation, without moving structural parts. 
In 5-inch mounts, this is done by moving prisms 
(fig. 13-2C). The shafts to the prisms are operated 
by the gun elevating gear and handerank at the 
sightsetter’s indicator regulator. 

SIGHTS AND RANGES 

As you know, the caliber of a naval gun is 
related to the range at which it is designed to 
be most useful. The big ones are used against 
targets a dozen miles or more away; the light 
machine gun batteries come into their own when 
the target gets within some 2500 yards, or 
closer. And so on. 

You know also that, by and large, the bigger 
guns are used against bigger, slower targets. 
Sinking a surface target (and if it’s a warship it 
can withstand a lot of pounding) requires the 
heavy punch of heavy guns. But in bringing 
down an air target, speed is the thing. A light 
gun can be brought into action more speedily 
than a heavy one, and can shift more readily 
with the target’s evasive maneuvers. 

The sights (and other fire control gear) used 
with a ship’s armament must be designed in 
view of these requirements. 

Specifically, the fire control equipment for 
heavy armament is designed primarily for high 
accuracy because that’s the main requirement 
at long ranges. To obtain such accuracy, the 
equipment must have powerful optical units or 
long-range radar. 

Optical Rangefinders 

In dual-purpose battery directors (like the 
Mk 37) and in main battery directors, a range 
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84.208 

Figure 13-3. — Using a prism to bend the line 
of sight in a telescope. 


finder located on the director can be used for 
determining ranges to a surface or land target 
when radar is not used. 

The rangefinder is a long metal tube with 
eyepieces at its center and a window near either 
end. Inside the tube are lenses, prisms, reti¬ 
cles, and other optical parts, plus precision 
mechanisms for moving some of them. Range¬ 
finders are shown in figures 13-5 and 13-6. 

In this course we can’t go very deeply into 
the complexities of fire control rangefinders, 
but you should know something about them. 

Every two-eyed human has stereoscopic 
vision. To see how it works, try this little 
exercise: 

Hold an arm straingt out horizontally. Raise 
your index finger. Now move the finger slowly 
toward your nose, keeping both eyes on it. By 
the time the finger reaches your nose, the “lines 
of sight” from your eyes to your finger converge 
sharply (fig. 13-5A). 

Next, look at some object 2000 yards away. 
Now the lines of sight for the two eyes are 
practically parallel. 

Obviously, then, the closer the object, the 
greater the convergence; the farther away, the 
more nearly parallel the lines of sight become. 

Measuring the convergence of the lines of 
sight actually provides a means of measuring 


range. But the distance between your two eyes 
is small, and it’s difficult to get the swiveling 
of your eyeballs to register on a dial where it 
would be easy to measure. So the optical sys¬ 
tem of a rangefinder in effect separates the 
rangefinder operator’s eyes (fig. 13-5B) by a 
distance equal to that between the rangefinder’s 
end windows. When the optical parts in the in¬ 
strument are moved to get its lines of sight to 
converge on the target, the amount of move¬ 
ment registers on a dial calibrated in yards of 
range. The rangefinder also magnifies, like a 
telescope — but with a super 3-D effect. 

In the stereoscopic rangefinder, the reticle 
pattern is composed of ranging marks (fig. 
13-6A) apparently floating in space at various 
distances. In operating the rangefinder, the 
observer turns a knob until the large diamond 
at the center of the pattern seems to be super¬ 
imposed upon, and at the same distance as, the 
target (fig. 13-6B). Then the range can be read 
directly off a dial in the rangefinder. (The 
smaller diamonds in the pattern, which seem to 
float in space at different ranges, are used in 
spotting.) 

Fire control equipment for machine gun bat¬ 
teries is designed primarily to provide rapid 
solutions to the fire control problem. The optical 
systems needn’t give powerful magnification, but 
because of the rapid movement of nearby air 
targets across the line of sight they must give 
wide-angle vision. The radar must be suited to 
close ranges. 

LEAD —COMPUTING SIGHTS 

The quickest way to get solutions to the AA 
gun fire control problem is to solve the problem 
in the sight itself. This is the purpose of a lead¬ 
computing sight. A family of lead-computing, 
relative-rate systems for defense against high 
speed targets at intermediate and short ranges 
have been developed. These systems are capable 
of tracking targets with very high relative angu¬ 
lar rates, and can automatically and almost 
instantaneously compute the gun corrections nec¬ 
essary to ensure a hit. In chapter 12 of this 
manual we covered the fire control problem 
and found that the ballistic corrections for gravity, 
drift, wind, and initial velocity increase as range 
increases. Because of this the computing devices 
do not have to be as refined as those for long- 
range systems, hence they can be light and small. 

The short-range problem has to deal with 
high angular rates in train and elevation. These 
rates are indirectly proportional to range, because 
as range decreases, the angular rates increase. 


527 


Digitized by LjOOQle 



GUNNER'S MATE G 3 & 2 



TRAINER'S TELESCOPE 


SIGHTSETTER'S 
INDICATOR „ 


DEFLECTION CROSS SHAFT SIGHT ANGLE CROSS SHAFT 


CHECKER'S 

TELESCOPE 


POINTER'S 

TELESCOPE 


DIFFERENTIAL HOUSING 


84.209 

Figure 13-4. —Carriage-mounted sights. 


This fact can be seen by watching a plane on 
the horizon and one closer to you or passing 
overhead. For a definite linear distance of the 
plane’s movement, the amount you must move 
your head or eyes in order to keep the plane 
in sight depends on the plane’s distance from 
you. The angular rate is the rate at which you 
turn your head or eyes. This factor, plus the 
short amount of time allowable for acceptable 
solution, places severe limitations on any short- 
range or intermediate-range system. To over¬ 
come the limitations of the system it was nec¬ 
essary to devise a mechanism that could get 
right to the heart of the problem —one that 
could measure the angular rates, incorporate the 
ballistic corrections directly, and come up with 
and almost instantaneous solution. A gyro, when 
it is properly controlled, fits these requirements. 


HOW GYROS FIGURE 
LEAD ANGLES 

Consider first how a lead-computing sight 
figures lead. The heart of the lead-computing 
mechanism is the gyroscope. All lead-computing 
sights have one or more power-driven gyros. 

Fundamentally, any gyro is a rapidly rotating 
wheel. While it’s rotating, the wheel tends to 
maintain rigidly the position of its axis in space. 
When you try to push the axis of a spinning 
gyro around, it resists. Push harder, and it 
yields. But when it yields, it doesn’t just give 
way and permit itself to be pushed. It precesses 
— that is, the wheel’s axis of rotation tilts at 
right angles to the push. (The movement is a lot 
easier to picture than describe, so look at 
figure 13-7A to see how it works.) The amount 
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55.289 

Figure 13-5.— Principle of the optical 
rangefinder. 


a gyro tilts is proportional to the rate of swing 
(angular velocity) of the gyro gimbal frame. If 
the gyro is equipped with restraining springs, they 
will right the gyro when the swinging ceases. 

NOTE: the restraining force on the gyros 
is provided by springs. In the illustration, the 
Mk 14 (the first lead-computing sight) did actually 
use springs. The Mk 20 however, accomplishes 
this with electromagnets, and the Mk 29 puts a 
variable restraint on its gyros by means of a 
spring steel wire. 

The required lead angle for a moving air 
target is the product of the angular velocity of 
the line of sight and the time of flight of the 
projectile (which depends on range and initial 
velocity). Suppose we use a gyro like this to 
give us lead angle. When we track the target 
smoothly, the gimbal frame turns about the 


input shaft at the angular velocity of the line 
of sight to the target. The gyro tilts. Next we 
adjust the tension of the device which restrains 
the gyro, in accordance with the projectile’s 
time of flight to the target. (We slack off tension 
or magnet current for longer ranges, and in¬ 
crease them for nearer targets. The adjusting 
device is calibrated in terms of range.) Result; 
the output corresponds to the required lead 
angle. 

Superelevation Correction 

Another mechanism takes care of the super¬ 
elevation correction. As you remember, the 
superelevation for any given range decreases 
as target elevation increases. The mechanism 
that regulates this variation in a lead-computing 
sight is a weight at the end of a lever arm. 
When the gun (and the case of the lead-com¬ 
puting sight mounted on it) is at zero eleva¬ 
tion, the turning effort or torque of the lever 
arm on the pivot (fig. 13-7B) is at its maximum. 
When the gun is at high elevation, the lever arm 
in the sight case is tilted. The effective length 
of the lever arm (the dotted projection of the 
arm) is much smaller, and so is its torgue 
exerted at the pivot. Compare this with figure 
12-15 (in chapter 12), which shows how super¬ 
elevation changes with target elevation. 

But remember that this mecha n ism merely 
CORRECTS the initial superelevation value for 
target elevation. The superelevation angle is 
based initially on range. 

So, then, both lead angle and superelevation 
correction depend on range. But how is range 
determined? 

In lead-computing sights without radar, or 
when the radar is out of commission range must 
be estimated by a crew member. The estimated 
range is set into the sight manually. 

Later in this chapter we’ll see how radar can 
more accurately determine range for lead-com¬ 
puting sights than human estimates can. 

Drift of the projectile to the right is com¬ 
pensated for in lead computing sights by means 
of a drift weight. The drift weight is attached to 
the train output gyro shaft, and it modifies the 
train lead angle with a torque which varies 
with range. 

Mk 29 Lead-Computing Sight 

A schematic of the Mk 29 gunsight gyros and 
mirror system is shown in figure 13-8. As you 
can see, the elevation gyro is mounted so that 


529 


Digitized by 


Google 




GUNNER’S MATE G 3 & 2 




84.214 

Figure 13-6. — Stereoscopic rangefinder-A. Reticle pattern. B. Measuring range. 
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Figure 13-7. — Principles of lead-computing-A. Gyro action. B. Superelevation correction. 
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Figure 13-8. — Gyro and mirror systems in Mk 29 lead-computing sight. 

its spin axis is perpendicular to the base of the enables the operator to track targets more 
sight case. The train gyro is mounted so that smoothly. 

its spin axis is parallel with the base of the When radar is made part of the system, tar- 
sight case. The gyros are restrained by the get train and elevation information is sent to 
range wires. Tension (varying with range) is the optical system in the form of a radar spot, 

put on these wires by moving the arms—up for This spot can be used .by the operator to keep 

short ranges, down for long ranges. on target during blind tracking. When the sys¬ 

tem is in automatic, radar will also furnish 
The gyros are connected to their respective range information to the sight, 
mirrors by output shafts. Between the right- There are two more important items which, 
hand output shafts and the range wires are while not physically a part of the gunsight, play 

damping devices. These are simply wheels an important part in transmitting computed lead 

connected to the gyro output shafts, and they angle from the sight to the guns. These are 

rotate in housings filled with oil. Damping the train and elevation synchros. They are 
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mounted in the director and connected by gear¬ 
ing to the sight case. They transmit gunsight 
movements (position) straight to synchro 
receivers in the gun mount receiver regulator. 

The Mk 29 sight is arranged so that it can 
compute lead angle by one of three methods. 

The first (and generally the preferred) method 
is as follows: The operator optically tracks 
the target, keeping it centered in his reticle. 
As he moves his sight case, the gyros react 
by precessing against the range wires. The 
amount the gyros process is governed by how 
fast the operator is moving the sight case 
(angular rate of the target) and by the tension 
on the range wire. In this method of operation, 
the radar furnishes range automatically to the 
sight. As the mirrors tilt, the line of sight is 
offset from the sight case. This places the 
sight case axis in line with the computed future 
position of the target. Synchros continuously 
send the sight case position to the receiver 
regulator on the gun mount. These syncho trans¬ 
missions are gun orders, and they position the gun 
ahead of the target at the required lead angle. 

The second method is used during periods of 
poor visibility, and is called blind tracking. In 
this method, the operator receives an image 
from radar and keeps it centered in his reticle. 
Range to the sight also comes from radar. 

The rest of the operations (gyro precession, 
line of sight offset, and synchro transmission), 
are the same as for optical tracking. 

The third method, used in an emergency, is 
similar to the first method, except that range is 
set into the sight manually. 

Directors With Lead-Computing 
Sights 

The smallest director is the Mk 15 (fig. 13-9). 
It is nothing more than a pedestal containing 
position transmitters (synchros), on which is 
mounted a Mk 15 lead-computing sight. This 
sight has had a variety of ballistic modifica¬ 
tions made on it. Depending upon the particular 
mod, the sight (on a Mk 51 director) can control 
3"/50, or 5 M /38 gun mounts. This director and 
sight solves the fire control problem by comput¬ 
ing lead angle, supereleveation, and drift, and 
adding these values as offsets to the line of 
sight. As the director operator moves his handle 
bars to stay on target, the synchros transmit 
continuous gun orders to the mount it controls. 
The second member of this director crew, a 
range setter, estimates target range; he can 
make corrections by positioning a range dial on 


the side of the sight. The sight has spot knobs 
for both sight angle and deflection, but these 
are not used for spotting during firing. 

Figure 13-9B shows the Mk 15 sight used 
with a different director — the Mk 52. Operation 
of this director is very similar to that of the 
Mk 51, with one major exception. As you can 
see, the Mk 52 director is equipped with radar. 
The radar permits tracking of obscured targets 
by indicating target position as a spot image 
from a cathode ray tube. Radar also will trans¬ 
mit range automatically to the sight. 

Figure 13-9C shows the Mk 29 sight as used 
in the Mk 63 GFCS. The director pedestal 
supports the gunsight, which is moved in train 
and elevation as the director pointer moves his 
handles. The pedestal houses the synchros that 
transmit gun train and elevation orders. The 
remaining major components of the Mk 63 system 
are located on the gun mount itself and in a 
radar room. Usually, six men are required to 
operate the system. 

Sights For Larger Guns 

In larger and longer range weapons, a rapid 
solution to the fire control problem is still 
necessary (a slow solution is never an advantage, 
more time allows a more exact solution). Approx¬ 
imations that aren’t a major disadvantage with 
lead-computing sights, however, cause serious 
inaccuracies at longer ranges. Because accuracy 
is the primary requirement, a more exact FC 
system is necessary. Computing sights, therefore 
are not used; the sight provided merely function 
to precisely offset the axis of the bore from 
the line of sight. Under normal conditions, 
target location (elevation, bearing, and range) 
is determined by a remotely located station. 
The fire-control problem itself is solved else¬ 
where, and the gun is positioned in elevation and 
train by power-driven units under the control 
of signals transmitted from the point where the 
fire control problem is solved. 

Well, then, why have sights in gun mounts at 
all? 

There are two main reasons. One is that the 
gun mount may not always be controlled in the 
manner described above, because of real or 
simulated casualty. Another is that watching 
the target through the sights permits a check 
on the accuracy and performance of the remote- 
control system. 

Figure 13-10 shows how the sights and sight 
setting equipment are used in one method of 
local control. 
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Figure 13-9. —^ead-computing sights on gun directors-A. Mk 51 director using Mk 15 sight. 
B. Mk 52 director with Mk 15 sight (and radar). C. Mk 29 sight as used with the Mk 63 GFCS. 
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Figure 13-10. — Functioning of sighting equipment on a typical gun mount (3 inches or larger). 


The pointer and trainer are using their hand- 
wheels to keep the target centered in their tele¬ 
scopes. The fire control system computes sight 
angle and deflection, which are transmitted, 
electrically to the dials at the sight setter’s 
regulator. As he cranks in this information (by 
manually matching his dials) gearing moves the 
prisms in the telescopes. The pointer and trainer 
see this movement as a shift in target position. 
As they turn their handwheels to get back on 
target, the axis of the gun bore is offset from 
the line of sight by the computed sight angle 
and deflection. 

Another form of local control which utilizes 
the telescopes within the gun mount was explained 
in chapter 12 under local control spotting. 


Sight angle and deflection are also sent to 
the sight setter’s regulator even when the mount 
is in full automatic control. In this case, by keep¬ 
ing his dials matched, the sight setter returns 
the optics from the line of fire back to the 
target. This enables the check sight observer 
to see the target area through his telescope. He 
functions as a safety observer, and can act to 
stop fire in the event that the gun’s fire repre¬ 
sents a hazard to friendly forces. 

So far in this chapter we have discussed some 
of the fire control instruments that employ 
optics. In the next section we explain some of 
the equipment that make up a gun fire control 
system. We first explain centralized fire control, 
how it started and why it is necessary. 
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CENTRALIZED FIRE CONTROL 

The guns on the Navy’s big ships have no 
monopoly on fire control. The operator of any 
weapon that throws a missile, whether ashore, 
afloat, or aloft, uses some kind of fire control 
technique. But in the Navy, some aspects of 
fire control have always been under centralized 
control rather than under the control of the gun 
crew. Even a hundred and fifty years ago, when 
our Navy was new and gunnery was primitive 
and limited to very short ranges, ships mount¬ 
ing sizable batteries ordinarily fired them in 
salvo, at the order of some officer standing at 
a point of vantage — in the rigging, for example. 
And as time has passed and ordnance equipment 
and fire control techniques have improved, the 
trend to centralized control has continued so 
that now not only firing but also the positioning 
of weapons is controlled from a central point. 
Yet, this trend has not eliminated control of 
firing and gun-laying at the mount (localcontrol), 
although this procedure is now only a secondary 
method. What advantage is there in centralized 
control of a warship’s guns? What’s wrong 
with letting each gun crew lay and fire its gun 
independently in local control? 

There are several disadvantages to local 
control. The smoke of their own firing, to say 
nothing of spray and mist and their position 
close to the surface of the water, make it dif¬ 
ficult for the pointer and trainer of the gun 
mount to see the target. Each gun crew has 
to make its own estimates of range, drift, wind, 
target course and speed, and so on. Some may 
do this well, but not necessarily all. Some 
may even fail to identify the enemy, and select 
the wrong target. Besides, if a number of other 
weapons are also firing at their target, how can 
gun crews know if their own shots are hits, 
or if they’re close, or how much or in which 
direction to apply correction? 

Compare this with centralized control, which 
eliminates all or most of these troubles. The 
central control point is high in the ship’s struc¬ 
ture, and has the maximum visibility. Its equip¬ 
ment for identifying and determining the location 
and movement of the enemy is more efficient 
and specialized than what you could install in 
a gun mount, and it is manned by experts in 
the proper techniques. The guns of each battery 
or mount or turret can be fired all at once 
in SALVO, so that the splashes of the projectiles 
as they hit the surface of the water form a pattern 
(fig. 13-11). If the targer is not in the pattern, 
the guns can be shifted for more accurate 


laying. In the gun crew, you can do most of 
these things too—and in local control you MUST 
know how to do them—but centralized control 
makes it possible to do them far more efficiently, 
as you will see. 

Let’s now examine more closely the techni¬ 
ques and equipment used in centralized fire 
control. Because it’s simpler, let’s begin with 
remote control of firing. 

GUNFIRE BY REMOTE CONTROL 

In the antique kind of “fire control,” an of¬ 
ficer gave a firing signal, but each gun was 
fired by a member of its own crew. Even with 
today’s advanced remote control techniques, a 
mount or turret crew member (normally the 
pointer) still has a part to play. If fire is re¬ 
motely controlled, he closes a firing key which 
is in the firing circuit. The actual firing impluse 
originates elsewhere, but it can’t reach his 
mount or gun unless he closes his key. If 
firing is in local control, his firing key actually 
does control fire. So bear in mind, as we discuss 
remote control firing, that there is always some 
crew member at the mount or turret who must 
keep his part of the firing circuit closed in 
order for the guns to fire. 

But let’s get back to how remote control of 
fire developed. In the old days, on small ships 
with relatively few guns, gunners often could 
hear their officer shout “Fire!” or at least see 
him give the signal with his cutlass; but some¬ 
times they couldn’t. On bigger ships, where 
the command to fire in slavo was relayed down 
the line, exact synchronization of salvos was 
impossible. 

When effective ranges were relatively short, 
inaccurate fire was relatively easy to correct, 
and this failure of all guns to fire in exact 
synchronism wasn’t serious. But as ranges 
increased and fire control instruments became 
more precise, ragged salvos made it hard to 
determine how well the splashpattern approached 
the target, because they weren’t all visible at 
the same time. What was needed was a signal 
that could be transmitted to the whole battery 
at once, so that the whole battery could fire 
simultaneously. The human voice and the waving 
cutlass were no longer enough. 

Electricity provided the answer. First it 
was buzzer fire. With a buzzer at each gun 
mount, closing a circuit at a central point 
caused all the buzzers to sound at once, and 
all guns could be fired by a single signal. 


536 


Digitized by v^.ooQLe 




Chapter 13 —FIRE CONTROL INSTRUMENTS AND TECHNIQUES 



53.119.1 

Figure 13-11. —Pattern of a salvo about a target. 


Yet this wasn’t the final answer. As you 
know, most guns of the old days were fired by 
igniting a powder train which led into the pro¬ 
pelling charge in the breech. A little later, 
firing was done by a percussion mechanism to 
ignite the powder train. Either way, there was 
some delay and variation in the actual instant of 
firing. Besides, there were the delay and varia¬ 
tion in reaction time of individual members of 
the gun crews. Buzzers improved matters, but 
these difficulties persisted. That is why, though 
the buzzer type salvo signal is still used, it’s 
a secondary method. 

The primary method of firing by remote con¬ 
trol is to close a circuit which itself sets off the 
propelling charge. This is master key fire. In 
master key fire, when the guns in a mount are 
ready to fire, the mount pointer closes his firing 
key. When the firing keys in all mounts are closed 
and the proper moment arrives, the master key 
is closed and all guns fire at once. 

GUN LAYING BY REMOTE 
CONTROL 

Remote control of gunfire, valuable as it is, 
is not the final word in centralized control of 


armament. For maximum effectiveness, gun lay¬ 
ing must be remotely controlled too. The steps 
in the process are as follows: 

1. Determination of target position and move¬ 
ment. 

2. Transmission of this information to a 
computer, which works out how the guns must 
be layed for hits on the target. 

3. Transmission of gun laying information 
(called gun orders) to the gun mounts. 

4. Control of the gun mounts to lay the 
guns in accordance with the gun orders from 
the computer. 

5. Correction of gun position on the basis 
of observed effects of fire, (spotting). 

TYPES AND METHODS OF 
GUNFIRE 

As stated the firing impulse can get to the 
guns in the mount or the battery in a number of 
different ways. We can recognize several methods 
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of fire, or ways in which the firing signal or 
impulse gets to the guns. In pointer fire, it’s 
done by the pointer at the gun itself, generally 
by closing a key that sends an electric current 
into the gun-firing circuit (electrical firing), 
or by stepping on a pedal that operates a firing 
pin in the gun (percussion firing). 

Master key firing is handled from a control 
station at some distance from the gun fired, 
either by somebody operating a key or button, 
or automatically by a mechanism that closes the 
firing circuit whenever the ship, as it rolls and 
pitches, reaches a certain angle. 

We also recognize several types of fire (the 
way in which the firing of one or a number of 
guns is arranged). 

A salvo is the firing of one or more guns 
simultaneously on the same signal, at the same 
target. Salvos are normally fired at regular 
intervals, spaced so as to permit reloading 
and (where necessary), relaying the guns. Salvo 
may be fired by entire batteries, or by individual 
mounts or turrets. 

To conserve ammunition, reduce the inter¬ 
vals between salvos, or speed up the process 
of spotting partial salvos or split salvos may be 
fired. 

The split salvo is firing fewer than the full 
number of guns in a mount or turret. Three 
turrets may participate in a split salvo, for 
example, if only one gun in each turret fires. 
In the partial salvo, all the guns in a turret 
or mount fire at once, but not all the turrets 
or mounts in the battery participate (for example, 
when No. 1 turret of out 3-turret battery fires 
all of its guns, while the rest of the battery 
remains silent). 

Batteries do not always have to fire in slavo. 
In continuous fire, each gun in action fires individ¬ 
ually when ready, regardless of whether other guns 
are ready. 

There are other types of gun fire such as 
slow fire, rapid fire, etc. These methods were 
explained in chapter 12. 


GUN FIRE CONTROL SYSTEMS 

The techniques used to solve the gun fire 
control problem by a specific fire control system 
is specialized within certain limits dictated by the 
primary use of that system. There are three 
broad classes of gun fire control systems: 

1. Surface systems, used against either sur¬ 
face targets (ships) or shore targets. 


2. Dual-purpose systems, used against either 
surface targets, shore based targets or AA targets 
(aircraft). 

3. Antiaircraft (AA) system, used against AA 
targets only. 

A surface gun fire control system, which is 
designed primarily for surface fire or shore 
bombardment, could be used against aircraft 
that, are within the elevation limits of the turrets 
guns, but such action requires corrections or 
interconnections with a dual-purpose fire control 
system to obtain additional target elevation cor¬ 
rections which are not necessary for the systems 
normal operation. 


TYPES OF FIRE CONTROL 

A ship’s weapon system can be operated in 
several different ways by employing specific fire 
control equipment for each type of gun fire 
necessary to damage or destroy an enemy target. 
This flexibility permits gun fire to be maintained 
in the event of a casualty and also makes it 
possible for one battery to fire simultaneously 
at different types of targets. 

The different types of fire control are dis¬ 
tinguished by the source and transmission route 
of the gun orders and are classified as to type 
by the system they employ. For each type of 
fire control the ship’s weapon doctrine specifies 
the fire control instruments to be employed. 
Types of control are listed as follows*. 

1. Primary fire control prescribes the utili¬ 
zation of the prinicpal system. This is the system 
provided to control before damage occurs to this, 
system. 

2. Secondary fire control prescribes the utili¬ 
zation of an alternate system to give greater 
flexibility of control. 

3. Auxiliary fire control prescribes the utili¬ 
zation of a system provided solely to substitute 
for a primary system in case of damage 

4. Local fire control provides for the control 
of a single gun mount or turret from a local 
station in or adjacent to the mount or turret 

In primary, secondary, and auxiliary fire 
control, mounts and turrets can be operated in 
the automatic mode of operation where as in 
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local control all gun laying must be accomplished 
individually. 

In any fire control system detecting a target 
is the start of the fire control problem. In the 
next section we discuss fire control techniques 
and introduce various fire control equipment 
and explain their functions. The first step is 
detection. 

SEARCH RADAR AND IFF 

Aboard ship, radar equipment has two general 
applications—for search and for fire control. 
Search radar displays are centered in CIC. Al¬ 
though we are primarily concerned with fire con¬ 
trol radar, you must in order to understand the 
target detection and acquisition process know 
something about search radar. The three types 
most commonly used in surface ships are air 
search, height-finding search, and surface search. 

An air search radar’s primary function is 
warning of the presence of aircraft at extreme 
ranges. It is called a two-coordiante radar 
since it measures only range and bearing. 

Height-finding radars are three-coordinate 
radars. They are capable of discriminating be¬ 
tween targets that are close together, and they 
are capable of measuring range, bearing, and 
altitude. The altitude quantity is converted in 
the weapon direction system to an angle of 
elevation for use in directing fire control direc¬ 
tors to the target. Three-coordinate radars 
eliminate the need for large sector searching 
in elevation by the fire control directors, there¬ 
by decreasing their target acquisition time. 

Surface search radars measure the range and 
bearing of surface contacts to assist in navi¬ 
gating the ship or to send surface target in¬ 
formation to the weapon direction system. They 
are also effective in detecting low flying air¬ 
craft, since their radar energy is concentrated 
at low angles of elevation. In search radar units, 
any target smaller than a geographical feature 
has no discernible shape. On a radarscope the 
target presentation is in the form of a blip, not 
a true picture. This is expecially true of air¬ 
craft targets. When aircraft come within search 
radar range, there is nothing in the blips to 
indicate whether they are friendly or enemy. 
To deal with this problem we have a system 
called Identification Friend or Foe (IFF). The 
IFF equipment aboard ship functions in conjunc¬ 
tion with a search radar, but the IFF system 
also includes equipment aboard the aircraft. 
The radar beam from the interrogating ship 
“triggers” automatically the IFF equipment on 


the friendly target. The latter then transmits 
a coded signal which shows up on the interrogating 
ship. The interrogating ship and the target must 
carry matching IFF equipment. For security, 
we used coded signals. 

FIRE CONTROL DIRECTOR 

Remote control of gun laying begins, as we 
have seen, with locating the target and determing 
the rate and direction of its movement. In the 
preceding chapter you learned that target position 
is determined in terms of range, target bearing, 
and (for air targets) target elevation. Similarly, 
target movement is determined in terms of the 
rate of change of these three kinds of information. 

In the modern fire control system the function 
of determining target location and movement is 
performed by a director. For the moment, you 
won’t be too far off base if you think of a director 
as a “gun sight without gun” whose position in 
train and elevation with respect to the ship can 
be accurately determined. When it’s on the 
target, it establishes the line of sight to the 
target. The director also is fitted with trans¬ 
mitters which can convey signals corresponding 
to its position to the other parts of the fire 
control system. 

Those are the essentials of the director. All 
directors have them. The gun fire control director 
is designed to control turrets used against sur¬ 
face targets and dual purpose guns used against 
either air or surface targets. It’s primary func¬ 
tion is to determine target position in terms of: 

1. Director Train (B 1 r). The angle between 
the fore-and-aft axis and the vertical plane 
containing the line of sight, measured in the 
deck plane, clockwise from the bow. 

2. Director Elevation (Eb). The elevation of 
the director’s line of sight above the reference 
plane, measured in the vertical plane containing 
the line of sight. 

3. Present Range (R). The distance of the 
target from own ship, measured in the line of sight. 

Briefly, the director’s secondary function is 
to be the control station for the entire fire con¬ 
trol system. Normally, all units operate by 
remote control from the director. As long as 
the problem is being solved correctly, only the 
gun-loading crews have work to do. When changes 
in the problem setup are necessary, the director 
crew can accomplish them by remote control. 
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To control the entire system, the director is 
equipped to 

a. Spot service projectile fire 

b. Spot illuminating projectile (star- shell) fire 

c. Correct computer calculations 
Director Radar 

The director radar is the eye of the gun 
fire control system. It can search for, detect, 
acquire, and track a target. It receives target 
designation data from the weapon direction equip¬ 
ment and uses this information to acquire and 
track a designated target. The radar set tracks 
the target to solve the gun fire control problem. 
Director radar can operate as a search radar if 
circumstances require. Weapons direction equip¬ 
ment receive their information from search 
radar. Search radar displays are centered in 
combat information center (CIC). 

STABLE ELEMENT 

In chapter 12 we discussed the effects of roll 
and pitch on the fire control problem. Let us 
briefly review the subject before going on to 
discuss the instrument that compensates for 
roll and pitch. 

Look at figure 12-18, you see a ship upon 
the sea; it pitches and rolls in a complex motion 
with the surface movement of the water. If you 
consider these movements as related to the line 
of sight of a director, you can divide them into 
two components, level and crosslevel. Level is 
that line in the same direction as the line of 
sight, crosslevel is that line at right angles 
to or across the line of sight. 

In all our previous discussions, we generally 
have neglected these continuous changes in level 
and crosslevel. At short ranges and with fast- 
moving targets like aircraft, they are relatively 
unimportant, which is why they can be neglected. 
But in the Mk 37 system and others that deal 
with longer ranges, they must be taken into 
account. 

It's impossible to stop the movements of the 
sea. It’s not practical to stabilize a warship’s 
hull so that it won’t pitch and roll. But we can 
get the fire control system to deal with the 
problem by adding level and crosslevel move¬ 
ments as corrections to the solution of the 
problem. First, the exact amount of these changes 
with respect to the horizontal must be deter¬ 


mined. Two ways have been used to determine 
them. 

One is to sight on the horizon. A line of 
sight to the horizon is depressed very slightly 
below a true horizontal plane. The amount of 
depression depends on the height of the obser¬ 
ver above the water, and is known with great 
precision, so the correction needed to put the 
line of sight into a horizontal plane is easy to 
add. In the Mk 34 director there is a special 
telescope for sighting on the horizon for the 
crosslevel correction. 

But sighting on the horizon is a secondary 
method for determining a horizontal plane. The 
primary one is to use a gyroscopic device — the 
stable element. (Main-battery fire control sys¬ 
tems use a stable vertical, which is similar 
in principle but different in detail.) In the stable 
element the gyro remains erect to define the 
vertical (and hence the horizontal) plane, and 
the level and crosslevel angles are “picked 
off” from it by electromagnetic units. Of course, 
the level and crosslevel angles are measured 
with respect to a line of sight on a specific 
bearing, so target bearing is an input to the 
stable element, and its outputs are level and 
crosslevel. 

Director optics and radar antenna are stabil¬ 
ized both in level (L) and crosslevel, (Zd). Cross¬ 
level stabilization is done by a servo-controlled 
crosslevel synchro signal, received directly from 
the stable element (fig. 13-12). A crosslevel 
servo motor is connected to the telescopes, 
rangefinders, and radar antenna. The crosslevel 
drive rotates the telescope, the whole range¬ 
finder, and the radar antenna about the line 
of sight by Zd. Thus, the telescope crosshairs, 
the rangefinder, and the radar antenna are 
kept horizontal, so that director elevation is 
measured in the vertical plane. 

There are two general methods of using the 
level and crosslevel angle values. With the synchro 
system, these valves can be used to keep the 
guns layed continuously to land shots on target 
(for continuous fire). The ship may roll, pitch, 
yaw, and weave around, but the guns will remain 
fixed in their attitude, except to allow for move¬ 
ment of the target, and can be fired at any time. 

Or, when roll and pitch are extremely heavy, 
making it difficult especially for the larger 
guns to stay on target, a certain selected value 
of level or crosslevel is cranked into the stable 
element. The guns are fired automatically by 
the stable element or the leveler in the director 
when, as the ship rolls or pitches, the actual 
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Figure 13-12. —Crosslevel stabilization. 


gun elevation momentarily agrees with the 
selected value (selected level fire or selected 
crosslevel fire). 

The stable element is a vital adjunct of the 
computer. In most gun fire control system these 
two units rely on mechanical connections only 
(fig. 13-13). Most other units of a fire control 
system are linked by electrical transmission 
lines or synchros. 

THE COMPUTER 

Actually, we can’t say much about the workings 
of a computer; it is beyond the scope of this 
course. Think of it as a big box (fig. 13-13) with 
dials and cranks with a series of small mechan¬ 
ical adding machines inside. Some computers 
operate from electronic components, the type 


shown in figure 13-13 is classified as an elec¬ 
tromechanical computer and is used in the Mk 
37 fire control system. From certain input infor¬ 
mation the computer computes a continuous solu¬ 
tion to the fire control problem, and function to*. 

1. Control positioning of turrets and dual 
purpose guns and transmit fuze settings and gun 
sight information for either surface or AAfire 

2. Aid the director crew in keeping the LOS 
on target 

3. With the star shell computer, an independ¬ 
ent accessory, permits part of a dual-purpose 
battery to be set continuously for illumination 
of a surface target while firing other mounts at 
the target 

With star shell computer it is possible to 
direct one mount for maximum effectiveness 
in firing illuminating projectiles (star shells). 
Star shells must be aimed, and time fuzed to 
burst above and beyond a surface target as 
shown in figure 13-14. This type of illumination 
silhouettes the target so that the director control 
officer can identify it and spot destructive fire. 
This computer makes such fire possible by con¬ 
trolling some mounts for illumination purposes 
and others under control of the main computer 
for destructive fire. 



STABLE ELEMENT 


53.105 

Figure 13-13. —Mk 37 fire control system: 
Stable element and computer. 
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DATA FLOW 

To help you visualize the system in operation, 
look at figure 13-15, which shows you the flow 
of all data and positioning orders. 

The computer is at the heart of the system. 
From the director, target elevation, target bear¬ 
ing, and range and spotting data (corrections 
based on observation of gunfire) go into the 
computer. The electromagnetic log and gryo- 
compass supply own ship course and speed. 
Some factors, like target course and speed, 
may be telephoned from the director and cranked 
into the computer by its crew. Other factors 
cranked in are wind data and initial velocity 
(I.V.). At the right of the computer you see its 
output to the gun mount: gun orders (elevation 
and train), fuze setting, sight setting, and unit 
director train into the stable element, which 
determines level and crosslevel angle, sending 
these values back to the computer. 

Note also the line from computer to director, 
labeled GENERATED RATES. These rates include 
generated elevation, generation train, and gen¬ 
erated range. “Generated” means that the com¬ 
puter has worked these values out, as against 
“observed” vlaues, which are what the director 
crew actually read off their dials. What is meant 
here is simply that the computer, having worked 
out a solution to the fire control problem, sends 
it aloft to drive the director. If the solution is 
correct, the director tracks the target on its 
own, and its crew doesn’t have to crank it unless 
it goes off target. 

Corrections for drift, air density, and some 
other factors are normally made by cams inside 
the computer, and therefore do not show in the 
diagram. 


That, in a nutshell, gives you the essentials 
of a modern dual-purpose fire control system. 

TRANSMITTING INFORMATION 
ELECTRICALLY 

Thanks to the synchro transmission system 
units of a gun fire control system need not be 
close together. Information is passed from one 
unit to another by means of synchros and servo- 
systems. In chapters 7 and 8 you learned the 
principles of synchros and servosy stems and how 
they fit into the ordnance field. Accuracy of a 
ship’s weapon system depends upon the correct 
operation of a synchrosystem. Since most units 
of a gun fire control system are widely separated 
the synchro becomes the controlling unit as well 
as the controlled unit. The word synchro 
(synchronous) means happening at the same time, 
the only delay from the remote controlling station 
and the weapon under control is the time it 
takes an electrical signal to travel from one 
station to another. 

A point to remember is that Navy weapons 
controlled from remote stations must use syn¬ 
chros systems for their control. We remember 
from chapter 7 that the most important advantage 
of synchros over mechanical gearing is their 
flexibility. Wires connecting one station to another 
can easily lead around an obsticle in its path 
without resorting to mechanical linkages or 
shafts. 

Each unit of a gun fire control system uses 
some type of servosystem for their control. To 
explain the operation of any one fire control 
unit servosystem is beyond the scope of this 
chapter. Because we have explained how an 
order signal is received at the receiver regula- 
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Figure 13-15. —Data flow in Mk 37 system. 


tor (chapter 8) and how it controls mount move¬ 
ment, we will now explain how a gun fire control 
system distinguishes between a true zero position 
and a false zero position of a synchro control 
transformer (CT). 

Stickoff Voltage 

A servosystem will stop driving when the 
error signal is zero. A CT, however, has two 
positions 180° apart where its output is zero. 
Thus a servosystem controlled by a CT can 
synchronize at either position. This is possible 
in a dual-speed synchro system with an even 
speed ratio. Since both receivers are zeroed 
together both would be at the true correspondence 
and the false correspondence positions together. 
Hence a servosystem could not distinguis be¬ 
tween the two positions. In fire control systems 
where remote and often unattended servosystems 
are used, the possibility that a false synchroni¬ 
zation could occur must be eliminated. 


As mentioned previously, no CT is perfect, 
and each has an inherent dead space. But the 
fine signal has little or no dead space to speak 
of. Therefore the slightest change in the signal 
or movement of the servosystem’s response 
brings the fine CT out of its dead space. Once 
out of its dead space the fine CT causes the 
servosystem to drive. You might think then that 
we do not have a flase synchronization problem. 
But suppose that when the system is energized 
the transmitters and receivers are close to being 
180° apart. The coarse signal would be too weak 
to assume control of the system, and the fine 
CT would have control. Therefore, the servo¬ 
system would drive until the find signal is zero and 
remain there. The servosystem could not sense 
the difference between 180° and zero synchroniza¬ 
tion. 

In order to make all positions distinguish¬ 
able, a “stickoff” voltage (sometimes called 
anti-stickoff), is applied to the coarse signal. 
In figure 13-16 A the secondary winding of the 
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Figure 13-16. —Stickoff voltage in coarse signal circuit. 


stickoff transformer is shown in series with the 
coarse CT output. The voltage induced in the 
secondary of the transformer in effect shifts the 
electrical zero position of the coarse CT. The 
coarst CT is rezeroed and is offset from the fine 
CT by an amount equivalent to the stick off 
voltage. This makes the coarse and fine CT 
put out zero volts at zero degrees but not at 
180° (figure 13-16B). Now, the two positions 
are distinguishable to the servosystem. 


FUZE SETTERS 

As you know, many projectiles are fitted 
with time fuzes. These must, before they are 
fired, be set to explode at the right time. This 
is done by the fuze setter, which is a part of all 
fire control systems designed for batteries 5- 
inch and larger. 

The fuze setting is transmitted by synchro to 
the fuze setter at the gun mount. This may be 
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Figure 13-17. —Fuze-setting indicator-regulator. 


located at any of several places. For example, 
some mounts and turrets have it in the projec¬ 
tile hoist. It may be in the gun slide. Or it 
may be a separate unit containing three fuze¬ 
setting pots, mounted on the gun carriage be¬ 
hind the pointer. All types are controlled by 
fuze-setting indicator-regulators (fig. 13-17). 

Each fuze-setting indicator-regulator can pro¬ 
vide automatic or manual fuze setting. Manual 
control is governed either by matching dials, 
or by positioning them at the required setting. 
The instrument is normally set by remote con¬ 
trol from the computer. 

The selector sets up the indicator-regulator 
either for automatic or manual control. The 
handerank is linked to the fuze-setting mecha¬ 
nism only when the selector is set for manual. 
You then crank to match the dials, or to posi¬ 
tion them as required. 


The zero reader dials and the follow-the- 
pointer dials are coarse and fine reading re¬ 
spectively. The inner dial of each group is at¬ 
tached to its corresponding synchro shaft, and 
bears a single index mark. Each ring-dial gradua¬ 
tion represents one second on the zero-reader 
and .02 second in the follow-the-pointer dial. 

MOUNTS AND TURRETS 

The computer solves the fire control problem 
and computes continuous information for the gun 
mount or turret in the form of gun orders. These 
orders are sent to indicator receiver regulators 
at each gun mount or turret to provide correct 
information so that the weapon can be positioned 
to hit the target for surface action and to explode 
at a predicted position for an AA target. The 
order signals are received by the gun station’s 
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Figure 13-18. —Mk 37 system, destroyer installation. 


position synchros, which in turn control the power 
drive servosystem. Power drive fundamentals 
were explained in chapter 8. 


COMPONENT LOCATION 

The location of the components of a gun fire 
control system are shown in figure 13-18, “Most 
of the destroyers and auxiliaries have just one 
gun fire control system, whereas some of them 
have two systems, and smaller auxiliaries have 
none. Larger ships such as battleships, carriers 
and cruisers have two or more systems. 

Directors are installed high in the ship’s 
structure, while stable elements and computers 
are installed below decks in protected plotting 
rooms. All elements are connected by a synchro 
transmission system, and are tied into this 
transmission system at one or more switchboards 
located in the plotting rooms. 


Normally, each director in a multiple installa¬ 
tion controls a designated group of guns and is 
connected to a designated computer. However, 
switching arrangements permit any director to 
control any or all guns and to connect to any 
computer. 

The flexibility of a ship’s weapon system also 
depends upon successful communication between 
widely separated units of a gun fire control 
system. In spite of casualties to both men and 
equipment some type of communications must 
be maintained. Communications can be trans¬ 
mitted in many different ways. Voice and other 
audible communications are the primary methods, 
but visible signals can be employed if other 
methods fail. 


COMMUNICATIONS 

As you already know from your study of Basic 
Military Requirements, a ship’s battle communi- 
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cations system is built around the sound-powered 
telephone—a phone powered by the sound of the 
user’s voice. 

Sound-powered telephones are part of the 
interior communication (IC) system. Also in¬ 
cluded in the IC circuits are synchros and 
relays that position dials and other devices 
that transmit orders or otherwise control units 
of the weapons systems. Because synchros and 
relays have been discussed earlier, however, we 
say no more about them here. This section, 
rather, discusses the organization and use in 
weapon control of the ship’s sound-powered 
telephone system. 

Battle (sound-powered) telephones are set 
up as groups (circuits) of connected stations, 
rather than as individual stations. When you 
plug in, you are automatically connected with 
all the other manned stations on your circuit. 
Circuits are in turn orgainzed into systems. 
The three systems of battle telephone circuits 
are the primary, the auxiliary, and the supple¬ 
mentary. 

Primary circuits are the main channels of 
communication for controlling armament and 
maneuvering the ship. Primary circuit sym¬ 
bols consist of a number, two letters, and 
another number—for example, 2JQ3. Let’s briefly 
take up the elements of the symbols. The first 
number indicates the battery, as follows: 

1 — Surface battery circuits 

2—Dual-purpose battery circuits 

4—Heavy machine gun circuits 

The letter indicates the function of the circuit: 

JB — Spotters JN—Illumination control 

JC — Control JP—Group control 

JK—Fuze setters JQ —Sight setters 
JW—Range control 

The last number in the symbol indicates the 
corresponding group, mount, or turret number. 
Circuit 2JQ3, for example, is the sight setters’ 
circuit for group 3 in the dual-purpose battery. 

All primary circuits for the ship’s arma¬ 
ment can be interconnected on switchboards in 
the plotting rooms, as well as by other control 
switches. (By and large, the other sound-powered 
phone circuits have no switchboards, though 
some interconnecting can be done by control 
switches at various stations.) These facilities 
are important for tying circuits together, for 
transferring control from one point to another, 
for providing emergency communications, and for 


isolating circuits or individual stations (in case 
of casualty, for example). You’re not concerned 
with how the switchboards are operated—that’s 
up to the crew, at the switchboard. 

The auxiliary battle-telephone system is a 
standby which parallels the more important 
primary circuits and is intended for use in case 
of casualty to them. It has no switchboards. 
Each auxiliary circuit is designated by the let¬ 
ter X, followed by the symbol of the circuit for 
which it is a substitute. Thus, the surface- 
battery control auxiliary circuit is given the 
symbol XIJC. Since the auxiliary circuit is 
not continuously manned like the primary, it is 
generally equipped with handsets rather than 
headsets. 

Supplementary circuits are those not impor¬ 
tant enough to be in the primary system. They 
are identified by X (number) J. In turrets, the 
first digit corresponds to the number of the 
turret—for example, turret 2 would have cir¬ 
cuits numbered X201J, X202J, and so on. 

In mounts and turrets, supplementary cir¬ 
cuits are mostly concerned with the ammunition 
supply system. Thus, in enclosed twin mounts, 
XI7J connects the top and bottom of the lower 
ammunition hoist. Turrets have more supple¬ 
mentary circuits. The Salem class 8-inch tur¬ 
ret, for example, has nine, one of them con¬ 
necting the turret officer with gun-positioning 
and sightsetting stations, and with the safety 
watch; others interconnecting the ammunition 
supply system with the gun captains and turret 
officer. 

Supplementary battle telephone circuits have 
no switchboards, but at gun captains’ and mount 
captains’ stations are switches that can inter¬ 
connect different supplementary circuits, or tie 
them in with primary control circuits. 

NOTE: 

1. The crewman assigned to a phone station 
is the one primarily responsible for seeing that 
his phones are at the station and in. working 
order. It’s up to him to see that defective phones 
are turned in to I. C. electrician’s shop for 
repair. 

2. When on the job as gun or mount captain, 
the entire gun or mount is your responsibility. 
A lot depends on how your men handle their 
phones, how they talk into them, and how well 
they maintain circuit dicipline. And, in turn, 
their efficiency at the phones is influenced by 
the example you set them. The best way to keep 
them on the ball is to stay on the ball yourself. 
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ANNOUNCING SYSTEMS 

The shipboard announcing system is a net¬ 
work of public address systems made up of MC 
circuits. They are electrically powered, with 
transmitters (microphones) and reproducers 
(loudspeakers) spotted throughout the ship. The 
major system for the ship as a whole is the 
1MC. This general announcing system is used 
by the OOD to pass orders and information, and 
to transmit the general alarm and chemical at¬ 
tack signals. 

Those announcing systems of special interest 
to you as a Gunner's Mate are the 17 me on 
dual-purpose enclosed mounts, and the 11MC — 
13MC in turrets. The 17MC provides the Mk 37 
director officers amplified voice communications 
to their 5-inch mounts. New construction and 
modernized vessels do not have the 17MC, and 
the system will gradually disappear from the 
fleet. The turret MC systems are controlled 
by the turret officer in each turret. The systems 
transmit the turret officers’ orders to strate¬ 
gically placed loudspeakers. 

Both mount and turret announcing systems 
can be tied in with the general announcing sys¬ 
tem 1MC. Three-inch and smaller mounts are 
not served by an MC system other than the 
1MC. 

AUDIBLE SIGNAL SYSTEMS 

Besides these voice communication systems, 
modern naval ships are equipped with several 
systems of audible signals. 

1. Safety Regulations of the United States 
Navy require that before any turret or enclosed 
mount is moved in train, a warning signal must 
be sounded on the train warning signal circuit 
(TW), except during GQ. The TW circuit is in¬ 
dependent of all other IC circuits. It consists 
of either a pushbutton control switch, or a 
manual switch, wiring, power supply, and bells 
outside the turret or mount. 

2. The call signal system (circuit E) parallels 
supplementary battle telephone circuits and voice 
tubes. It consists of interconnected power-supply 
units or magnetos, selector switches, and buzzers 
or bells. 

3. The order to cease fire is normally given 
by sounding a gong. Cease-firing signal circuits 
are: 


Main battery.1U 

Dual-purpose battery ....... 2U 

Heavy machine gun battery .... 4U 

Light machine gun battery.5U 

Rocket battery.9U 

Sector control.45U 


The (45U) circuit is a combination of 4U and 
5U, but the armament is divided into groups by 
sectors rather than by sizes of weapon. Thus 
all AA fire from both heavy and light machine 
guns in any sector can be controlled by one sta¬ 
tion. This circuit can also be interconnected 
with the headsets of the gun crews, so that they 
hear the cease-fire in their phones as well as 
on reproducers at the mounts. Dual-purpose 
mounts hear it through the 17MC system. 

4. The salvo signal is a loud buzz. In 
secondary-battery mounts it is transmitted by 
the 17MC system. In turrets, salvo signal buz¬ 
zers are installed on the gun deck level. 

5. The intraturret emergency alarm is an 
independent circuit used to warn of danger or 
serious casualty in the turret. It consists of 
a number of small electric sirens that can be 
put into operation from any of several stations 
in the turret. The turret officer’s booth has a 
switch for silencing the sirens. 


SAFETY 

The after main battery director of a cruiser 
was training during a director check. The sight- 
setter left his assigned station withoutpermission. 
Suddenly a scream was heard. The sightsetter 
was found with his body jammed between the 
irregular projections of the director and the 
director shield, a space of from 5 to 8 inches. 
The sightsetter died from extreme multiple- 
injuries to his respiratory system. 

This case demonstrates the always present 
danger existing in the close confines around 
mounts, turrets, directors, etc. on Navy ships. 

During a practice run of a destroyer a 
member of the gun crew of a 5-inch 38-caliber 
mount, was seated on the right gun captain’s 
platform. The right gun was not to be fired. 
The man’s left leg was placed beneath the 
right gun slide. At command, the mount elevated 
and the breech of the right gun descended and 
crushed the man’s leg. It had to be amputated. 

You should acquaint yourself thoroughly with 
the safety regulations provided in OP 3347, 
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and with those regulations posted aboard ship, 
before operating fire control equipment. You 
will be taught how to apply many of these pre¬ 
cautions while you are learning to operate fire 
control instruments. The following list of general 
precautions will assist you. 

1. Always inspect all training and elevating 
areas to make certain that all persons are clear, 
and that the areas are free of obstructions be¬ 
fore operating directors, turrets, guns, or missile 
launchers. 

2. Always use warning bells provided before 
training or elevating gun mounts, turrets, or 
launchers during routine work and practices 
(except during GQ). 

3. Before leaving directors, turrets, guns, 
or launchers always train and elevate them to 
their securing positions; place all controls in 
the inoperative position, and deenergize all power 
supplied to them. 


4. Whenever possible, have the regular 
operators posted at their stations before op¬ 
erating a director, turret, or a gun from a 
dummy director. 

5. Slew directors and guns only when it is 
necessary during practices. 

6. All telephone stations should be manned 
when operating systems automatically or re¬ 
motely. 

7. Notify all operators and persons con¬ 
cerned before shifting a system to automatic 
control from local control. 

8. Never operate directors, turrets, or guns 
in automatic without having the regular operators 
posted at their stations. 

9. Do not hesitate to stop any person from 
operating fire control equipment if he may 
cause a casualty to himself, the equipment, or 
to any other person. 
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MAINTENANCE PART I 


Maintenance means everything you do to' 'keep 
'em firing." It means knowing your equipment 
and keeping it in shape to do its job. In this 
chapter we shall take up maintenance in terms 
of the specific work that you will be expected to 
do with guns, mounts, and rocket launchers. 
Your job is to have every gun ready to operate 
at all times and to keep every weapon in the 
fight during action. 

In time of war preventive maintenance saves 
more than time and repairs. You probably re¬ 
member the poem that tells how, for want of a 
missing horseshoe nail, a battle was lost. The 
horse's shoes should have been inspected, and 
the missing nail replaced—just a matter of pre¬ 
ventive maintenance. Of course, we don’t use 
horseshoe nails aboard modern warships, but 
you see the analogy. Maintenance can mean the 
difference between victory and defeat, both ashore 
and afloat. If anything goes wrong with the fighting 
equipment of a ship, it is out of action until 
repairs can be made, and then it might be too 
late. You have been around enough to know that 
a ship’s fighting equipment is very complicated, 
with many parts dependent on other parts. A 
great deal of money and inventive ingenuity have 
gone into that equipment. But if it is not in 
working order when needed, it is worthless. 


PREVENTIVE AND EMERGENCY 
MAINTENANCE 

There are two main classes of maintenance 
work. The most important, which accounts for 
most of the maintenance work you do, is routine 
maintenance. That includes regular lubrication, 
exercising, inspection, cleaning, routine tests 
and check-offs, record maintenance, and ad¬ 
vance planning. The purpose of routine main¬ 
tenance is not so much to repair troubles and 
malfunctions as they arise; it is to prevent them 
before they appear. This kind of maintenance 
is therefore often called preventive mainten¬ 


ance. It is based on the well-known principle 
that an ounce of prevention in the form of ade¬ 
quate routine maintenance is worth a pound of 
cure in the form of repair, replacement, and 
overhaul. 

Preventive maintenance isn’t dramatic or 
exciting. There’s no glamour in a grease gun. 
But taking a little trouble and time to do the pre¬ 
ventive routine maintenance now will save a 
lot of trouble and time later by heading off 
breakdowns and time-consuming repair jobs. 

In your preventive maintenance work you 
have a job very much like that of a coach who is 
assigned to keeping a team of highly trained 
athletes in top fighting form. For both men and 
machines, it's daily attention to the details that 
is important. For machines, these details are 
things like inspection, lubrication, and tighten¬ 
ing and adjusting of parts. To let any of those 
things go means trouble, just as there's trouble 
for an athlete who breaks training. 

In addition to the daily or weekly maintenance 
chores, machines need regular overhaul. This 
may be called corrective maintenance, to cor¬ 
rect existing or potential deficiencies. You can 
see that this is really also preventive mainten¬ 
ance, its main object being the prevention of 
breakdowns. 

In spite of the best preventive maintenance, 
sometimes your equipment will malfunction or 
break down altogether. Then it will need emer¬ 
gency maintenance —the urgent repair and over¬ 
haul work required to get it into working order 
in a hurry. Effective routine maintenance will 
keep this kind of work to a minimum, but there 
are times — in battle, especially —when you must 
expect casualties and breakdowns, and must be 
prepared to deal with them. 

A Gunner’s Mate’s emergency-maintenance 
job resembles a doctor’s —with the difference 
that the Gunner’s Mate is expected to get his 
"patient" back into action a lot faster. To do 
that, the Gunner’s Mate, like the doctor, must 
do two things: 
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1. Find out what the trouble is, and where 
it is. The doctor calls this diagnosis; we call it 
troubleshooting. Sometimes the casualty or mal¬ 
function is obvious; sometimes it’s hidden. You 
locate and identify it first, and then*. 

2. Fix it. This may mean anything from a 
simple adjustment to a full-blown overhaul job, 
involving disassembly, replacement, repair, re¬ 
assembly, realignment, and readjustment. 

The more you know about how your equipment 
works, the better you will be at trouble-shooting 
and repair. Experience is a great teacher, but 
you can’t wait until your gun breaks down in 
battle to find out how to repair it. Study of the 
workings of the gun and of approved trouble¬ 
shooting methods and repair techniques, will 
give you the background of knowledge you need 
to combine with practice to make you an efficient 
repairman for your guns. 

MAINTENANCE BY SHIP'S FORCE, 

TENDER, AND NAVY YARD 

Most of the maintenance work on armament 
aboard ship is done by the strikers and Gunner’s 
Mates themselves as part of the ship’s routine. 
This is called ship’s force maintenance. 

The ship’s force, however, hasn’t the facili¬ 
ties or the skill to perform certain less frequent 
but equally necessary maintenance operations. 
Examples of this type of operation are repair of 
gunsight or boresight telescopes, and calibra¬ 
tion of pressure gages. Work of this kind is 
done aboard repair ships and tenders which have 
the equipment and skilled personnel (Opticalmen 
and Instrumentmen, for instance) that are re¬ 
quired. 

Lastly, there are some jobs, like major 
overhaul of hydraulic systems, or repair or re¬ 
placement of roller paths in heavy AA mounts, 
that are customarily done in naval shipyards. 
Such work may be done by yard workers, by the 
ship's force, or by both. Maintenance work 
done in yards rather than afloat is termed Navy 
yard maintenance. 

Routine overhauls are scheduled far ahead of 
time at a specified Navy Yard for each ship. To 
get the most out of the overhaul work, records 
of mishaps, signs of defects, or poor operation 
of gunnery equipment must be kept so that each 
of the items can be taken care of during the 
overhaul. Records of all work done by the ship’s 
force must also be kept. Keeping the records 
is part of your job; the gunnery officer must 
have this information to plan the overhaul work. 


Work by tenders and repair ships also is 
scheduled, so it must be planned for ahead of 
time. Authorized alterations (ordalts) are also 
made aboard these ships when possible, though 
some may be accomplished by ship’s force; 
Ordalts usually state by whom the work is to be 
done. Changes of a minor nature are authorized 
by a NavOrd Instruction (NavOrdlnst). 

The upkeep period is time assigned to a ship 
to be moored or anchored, during which time 
the ship’s force and other forces afloat can work 
uninterrupted to perform upkeep duties. 

Special assistance in maintenance, especially 
for new equipment, may be obtained from con¬ 
tract service engineers who are specifically 
trained for specific equipment, or from mobile 
ordnance service units, which consist of mili¬ 
tary personnel who have been trained to handle 
certain equipment and can be assigned to instruct 
others in its use and care. 

CHECK-OFF LISTS 

Back home, you may have kept your old ja¬ 
lopy running by puttering with it in all your spare 
time, and learning from your mistakes. You 
have seen enough of gun mounts and turrets with 
their complex and powerful but sensitive ma¬ 
chinery to know that modern weapons require 
special skill to maintain. Mistakes are far too 
costly (in men and money) to take a chance. 
You can’t just turn loose an eager beaver with 
a screwdriver and leave it to his ingenuity to do 
a maintenance job. 

Some maintenance jobs must be done more 
often than others. For example, on your 5"/38 
mount you check the differential piston every 
day in order to be sure there is enough fluid in 
the counter recoil system, but you bleed and re¬ 
fill the counter recoil system once a month. 

Purpose and Use 

The Navy uses check-off lists to make sure 
that routine maintenance jobs are done at the 
required regular intervals (weekly, daily, month¬ 
ly, etc.) and that no steps are forgotten. 

You will obtain the check-off list from the 
Gunner’s Mate under whom you work. He will 
inspect your work and check off the items on the 
list; you will use the list as a guide when actually 
doing the work. 

BuWeps does not publish standard check-off 
lists for each ship in the fleet. Instead, fleet 
units and individual ships prepare their own. 
These lists specify all the routine maintenance 
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jobs that are required for a given mount or 
turret, leaving as little as possible to the imag¬ 
ination. The individual maintenance items or 
tasks are classified by frequency—how often they 
are to be done. 

Daily maintenance is concerned mostly with 
lubrication, inspection, and checking. On a 5- 
inch mount this would begin with the gun itself, 
and work down through the rammer, elevating 
and training gear, hoist, and handling rooms. 
Notice on the sample check-off list (fig. 14-1) that 
they do not tell you which places to lubricate, 
but refer you to the lubrication chart. This 
means you must have the lubrication chart (there 
may be several) for that piece of equipment as 
another check-off. Frequently, the lubrication 
instructions are on a plate attached permanently 
to the equipment for ready reference. On large 
equipments with numerous grease fittings, oil 
holes, etc., it is not possible to have all instruc¬ 
tions mounted on the piece. A sample lubrication 
chart is shown in figure 14-2. 

In the • weekly, monthly, quarterly, semi¬ 
annual, and annual check-off lists, there is usually 
more work involved in each item—bleeding 
and refilling the counter recoil mechanism, flush¬ 
ing and relubricating as required, cleaning filters, 
etc. 

The pre-firing check-off is scheduled to take 
place before the battery goes into action, so that 
all mounts will be fully checked and prepared 
for firing. In wartime, when the guns must be 
kept always ready to engage the enemy, the 
before-firing routine is merged with the daily 
check-off. 

Finally, there is the post-firing routine, 
which takes place at the end of every day of 
firing, and corresponds more or less to the 
similar routine that you learned about in con¬ 
nection with small arms. 

In practice, you’ll find that the maintenance 
jobs on the check-off lists are cumulative —that 
is, when you do the monthly items, for example, 
you will also do the weekly and daily items; 
quarterly items automatically include the daily, 
weekly, and monthly items. 

INSPECTION AND TESTING 
EQUIPMENT 

You have already learned a good deal about 
inspection and testing ordnance material in 
earlier chapters of this book—inspecting and 
testing smokeless powder and other ammu¬ 
nition, sprinkler systems, small arms, etc. 
Inspection and testing are inseparable from 


maintenance. The higher you rise in your rating, 
the more responsibility you will have for in¬ 
spection and testing. There are the operational 
tests, in which you put the equipment through 
its paces to be sure it has been put together 
right and is in working order. Other tests re¬ 
quire special testing equipment, and you should 
be able to use nonelectrical testing equipment 
such as bore erosion gages and boresighting 
equipment, as well as electrical testing equip¬ 
ment (meggers, test lamps, etc.). 

Basic Handtools, NavPers 10085-A, covers 
various measuring tools and gages used by 
Gunner’s Mates G. In other chapters of this 
course you have read about more specialized 
tools, such as the head-space gage, bore plug 
gage, bore erosion gages, star gages, pressure 
gages (air and hydraulic), bore sighting and 
tramming equipment. How much testing you will 
do with this special equipment depends mostly 
on the individual situation; your chief may be 
doing most of it. 

Record keeping always goes along with in¬ 
spection and testing. You remember that you 
must record your daily inspections of the ammu¬ 
nition magazines, and your readings of the 
smokeless powder tests. Check-off lists are 
another form of record. 

Maintenance of the recoil and counterrecoil 
systems is usually taken care of by your chief, 
but you should be able to read (and record on the 
check-off sheet) the air pressure as shown on an 
air pressure gage. (See Basic Machines, Nav¬ 
Pers 106 24-A, if you need a review on pressure 
gages.) 

Checking of lost motion in gun sights will be 
done in connection with boresighting, with a 
leading Gunner’s Mate in charge of the crewmen 
at the different stations. Each man at his sta¬ 
tion sets the crosshairs of his sight as directed. 
When you are ready to learn more about the 
how’s and why’s of this operation, you can read 
about it in the more advanced texts. 


LUBRICATION 

If you grew up in a city, perhaps the only 
connection you had with lubrication was taking 
the family car to the garage or the gas station 
for greasing and oil change. But if you grew up 
on a farm or had a car that you had to keep in 
running condition yourself, you are well aware 
of the need for regular lubrication of all moving 
metal parts. If your car ever burned out a bear¬ 
ing, you’ve had a lesson that you are likely to 
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WEEKLY LUBRICATION CHECKOFF LIST 
MOUNT NUMBER DATE 

Apply the following lubricants and fluids weekly as indicated on the applicable lubricant charts. 

Lubricant Initial 

1. Lubricating Oil, Aircraft Reciprocating (Piston) Engine, MIL—L — 

6082, Grade 1065. 

Brakes* train and elevation. Sheet 5 of BUORD dwg. 2212101 
or 2212104. 

Gear boxes, train and elevation, Sheet 5 of BUORD dwg. 2212101 
or 2212104. 

2. Grease, Aircraft and Instrument, MIL — G— 3278. 

Stow latch operating rod end bearings, and Sheet 4 of BUORD 
dwg. 2212101 or 2212104. 

3. Lubricating Oil, General Purpose, MIL —L —15016 (MS 3050). 

Train centering pin. Sheet 5 of BUORD dwg. 2212101 or 2212104. 

Guide forward door pivot points. Sheet 3 of BUORD dwg. 

2212101 or 2212104. 

Safe fire handle, Sheet 3 of BUORD dwg. 2212101 or 2212104. 

4. Grease, Bearing, MIL —G—16908. 

Train buffers. Sheet 1 of BUORD dwg. 2212101 or 2212104. 

Training centering pin. Sheet 5 of BUORD dwg. 2212101 
or 2212104. 

Firing interrupter train worm and worm gears, Sheet 5 of 
BUORD dwg. 2212101 or 2212104. 

Fire interrupter takeoff gears, Sheet 5 of BUORD dwg. 2212101 
or 2212104. 

The above lubricants were applied as indicated. 

Checked by: 

Leading GM 

Submitted by: Reviewed by: 

(Division Officer) Weapons Officer 


Figure 14-1. — Check Off List. 
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AT ASSEMBLY 

4 RESPONSE GEAR ADJUSTING COUPLING 
(COAT WORM TEETH) 

WEEKLY OR 30 HOURS OPER¬ 
ATION (MINIMUM) 

1 SHIFTING LEVER 

2 HANDWHEEL HOUSING 

(CHECK LEVELAND REPLENISH) 

3 HANDWHEEL HANDLES 

5 INBOARD HOUSING ASSEMBLY 
(I FILL PLUG, I DRAIN PLUG) 


GENERAL LUBRICATION INSTRUCTIONS - 
REFER TO O.D. 3000 

APPLICATION - EXERCISE PARTS WHILE 
LUBRICATING 

REPORTS .- SHIPS EXPERIENCING ANY DIFFI¬ 
CULTY WITH OPERATION OF THE EQUIP¬ 
MENT DUE TO LUBRICATION IN ACCORD¬ 
ANCE WITH THIS CHART SHOULD SUBMIT A 
DETAILED REPORT TO THE BUREAU OF ORD¬ 
NANCE WITH COPY TO THE NAVAL GUN 
FACTORY. 

CHECK-OFF LISTS. -REDUCED SIZE PHOTO¬ 
PRINT COPIES OF THESE CHARTS MAY BE 
OBTAINED FROM THE NAVAL GUN FACTORY 
FOR USE AS PERIODIC CHECK-OFF LISTS. 


6 TRAIN ORDER AND RESPONSE HOUSING 
(3 FITTINGS, I LEVEL PLUG ) 

8 TRAIN ORDER GEAR HOUSING 
(I FITTING, 3 LEVEL PLUGS) 

9 INTERMEDIATE RESPONSE GEAR HOUSING 
( I FITTING, I LEVEL PLUG) 

10 TRAIN INPUT FRONT HOUSING 
(FILL THRU COVER, I LEVEL PLUG) 

11 TRAIN INPUT REAR HOUSING 

( FILL THRU COVER, I LEVEL PLUG) 

12 WORM AND WORMWHEEL HOUSING 
(2 FILL PLUGS, 2 DRAIN PLUGS ) 

MONTHLY OR 120 HOURS OPER¬ 
ATION (MINIMUM) 

7 PILLOW BLOCK ASSEMBLY 


REFERENCE CHARTS. - 

FOR LUBRICATION OF PLAN ABOVE AND 
PLAN BELOW SHELF PLATE SEE DR. NO. 
509299. 

FOR LUBRICATION OF RIGHT SIDE ABOVE 
SHELF PLATE SEE DR. NO. 509301. 


A INDICATES WORM GEAR LUBRICANT 
( O.S. 1400) 

O INDICATES LIGHT MINERAL OIL (NAVY SYMBOL 

SYMBOL 3050 OR 2135)* SPECIFICATIONS 

□ INDICATES BEARING GREASE 
(l4-G 10 (ORD)) 

•LUBRICANTS ARE SHOWN IN ORDER OF 
PREFERENCE 

6IN.TRAINING GEAR MK.3 MOD. I 

(47 CAL. DOUBLE PURPOSE TWIN) 

LEFT SIDE ABOVE SHELF PLATE 

(LOOKING OUTBOARD) 

LUBRICATION CHART 

I 509300 


84.278 

Figure 14-2. —Lubrication chart, showing lubrication symbols, schedules of lubrication, 

and other instructions. 
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remember. And since you have been in the 
Navy you’ve heard a great deal about the im¬ 
portance of lubrication. We won’t let you forget 
it. 

LUBRICANTS 

Lubricants are of two general classes — oils 
and greases. Oils are fluids; greases are semi¬ 
solids at ordinary temperatures. Both have 
several qualities that determine their suitability 
for a particular lubrication job. One of the 
most important is viscosity. 

Viscosity is the measure of the internal fric¬ 
tion, or resistance to flow of a liquid or a semi¬ 
solid. It varies with the temperature as well as 
with the nature of the substance. Petroleum 
jelly (Vaseline) can hardly be said to flow at 
room temperature, but it can be melted to a 
rather thin liquid. On the other hand, many 
kinds of oil flow readily at ordinary tempera¬ 
tures, but become much thicker when they’re 
cold. 

Viscosity is expressed in terms of S. S. U. 
UNITS. (S. S.U. means "Seconds, Saybolt Uni¬ 
versal" and represents the number of seconds 
it takes a given quantity of the lubricant at a 
specified temperature to pass through the Say- 
bolt Universal Viscosimeter or Viscometer.) 
The higher the S. S. U. number of a lubricant at 
a given temperature, the more viscous the 
liquid. The Navy uses the S. S. U. measurement, 
rather than the S. A. E. (Society of Automotive 
Engineers) Grades, to designate lubricants in 
the automotive industry. 

The viscosity index (V. I.) is an indication of 
the variation of viscosity of the lubricant with 
variation in temperature. The higher the index, 
the less the viscosity varies with the tempera¬ 
ture; thus a high index is a desirable quality. 
You want a lubricant that won’t solidify and gum 
up in cold weather, nor liquefy and leak away in 
hot weather. 

Viscosity index can be improved up to a point 
by putting chemical additives into the oil. (Addi¬ 
tives are put in by the manufacturer. Don’t try 
to brew up your own special oil by adding any¬ 
thing to it.) 

The flash point of a lubricant is the temper¬ 
ature at which it gives off flammable vapors. 
The fire point (always higher than the flashpoint) 
is the temperature at which it will take fire if 
ignited. The pour point (of an oil) is the lowest 
temperature at which it will pour or flow. 

Oiliness is the characteristic of an oil which 
prevents scuffing and wear. You might think 


this depended on viscosity, but a complicated 
relationship of many factors is involved. Cer¬ 
tain substances have been found which increase 
the oiliness of a lubricant. 

Chemical stability concerns a lubricant’s 
ability to "take it." Certain oils and greases 
tend to deteriorate under influence of high tem¬ 
peratures, exposure to air or water, or intro¬ 
duction of impurities. A lubricant with good 
chemical stability will resist such deterioration. 
You can often detect deterioration by change 
in color, formation of varnish or gum deposits, 
formation of sludge, change in viscosity (of oil) 
or consistency (of grease), hardening (of grease), 
or by other telltale signs. Change in viscosity 
can be more accurately measured by viscometer, 
but serious change is easy for the expert to 
detect. These signs of deterioration mean that the 
lubricating and corrosion-preventing qualities 
of the substances are impaired. You’ll find it 
useful to know the signs of deterioration in oils 
and greases well enough to recognize them when 
they appear. 

Lubricant preservatives, and hydraulic fluids 
all protect metal against corrosion, at least to 
a certain extent. Corrosion prevention is, of 
course, the main function of a preservative. 
The corrosion-resisting qualities of lubricants 
and hydraulic fluids can be improved by adding 
chemicals called inhibitors. In general, inhibitors 
are added to the substance by the manufacturer 
before delivery to the Navy. 

Other qualities or properties of lubricants 
are: dropping point, penetration, neutralization 
number, work factor, viscosity change, aniline 
point. Chemists in lubrication work need to under¬ 
stand the meaning of the terms; we list them 
only to impress you with the fact that just any 
oil will NOT do. 

Functions of Lubricants 

Now that we have discussed some of the quali¬ 
ties of lubricants, you can see how they apply to 
the jobs that lubricants have to do. Lubricants 
are used for three purposes — to reduce friction, 
to prevent wear, and as a protective cover 
against corrosion. 

As a protective cover against corrosion the 
use is obvious. As a preventive against wear 
and tear, the use is equally obvious when you 
consider the matter of friction. Lubricants form 
a layer or film between the metal surfaces, 
which actually keeps the metals from touching. 
The moving parts "ride" on the lubricant. In 
the instance of two metal surfaces sliding across 
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each other where space cannot be provided for 
ball bearings, the lubricants themselves serve 
as ''liquid bearings.” In all mechanical devices, 
lubrication is necessary to counteract friction 
as much as possible. Only the presence of a thin 
film of lubricant to separate metal surfaces keeps 
modern machinery going. If the film disappears, 
you have hot-boxes, burned-out and frozen bear¬ 
ings, scored cylinder walls, leaky packings, and 
a host of other troubles —the least of them 
being excessive wear. All of these troubles are 
the result of direct metal-to-metal contact with¬ 
out adequate lubricant. Lubricants do not move 
naval guns and equipment but they keep them 
movable. 

Types and Properties 
of Lubricants 

Lubricants for naval ordnance systems are 
selected on the basis of necessary or desired 
characteristics including: 

1. Maximum reduction of friction between 
bearing surfaces. 

2. Corrosion inhibiting properties. 

3. Stability over a wide temperature range. 

4. Ability to withstand high pressures. 

5. Low volatility at operating temperatures. 

6. Resistance to oxidation. 

7. Resistance to emulsification. 

8. Resistance to environmental contamination 
by the particular application. 

Because proper lubrication is an absolute 
necessity, selecting high quality lubricants, those 
having the right viscosity and other properties 
for each job, is of vital importance. For many 
applications, liquid lubricants such as petroleum 
or synthetic oils are suitable, particularly if the 
lubricant can be retained, as in an oil bath or 
gear box, or in a forced feed system. In condi¬ 
tions where oil can not be readily retained or 
additional protection against corrosion is needed, 
greases are used. In applications where the 
operating temperature is too highfor satisfactory 
lubrication by oils or greases, graphite, molyb¬ 
denum disulfide, or bonded dry film made from 
these materials may be used. 

Special lubricants which are required for 
specific naval ordnance operational requirements 
must be approved before they are used on naval 
ordnance equipment. Specifications and stock 
numbers for special lubricants, approved lubri¬ 
cants and oils are listed on tables in Lubrication 
of Ordnance Equipment OD 3000(fourthrevision). 


Specifications 

When the Navy buys oils and lubricating 
greases they must specify what they want. To 
make sure that the supplier knows exactly what 
is wanted a detailed description of the items to be 
purchased is forwarded to the supplier in the 
form of specifications or specs. These specs 
are printed by the Department of Defense and 
relate standardized specifications which identify 
by name, numbers and letters lubricants, pre¬ 
servatives, hydraulic fluids and many other items 
used in operation and maintenance of ordnance 
equipment. An example of an item you may have 
used is MIL-C-372, cleaning compound, solvent, 
for bore of small arms and automatic aircraft 
weapons. Most materials used for military equip¬ 
ment by the various armed services are now 
purchased under federal or military specifica¬ 
tions. 

MILITARY SYMBOL OILS 

Military symbol (MS) oils are petroleum-base 
oils covered by certain military specifications. 
They contain no corrosion inhibitors*. Some of 
these oils are used in ordnance systems for oil 
bath, oil can, or forced-feed lubrication where 
the equipment is enclosed or otherwise protected 
from a corrosive environment. The symbol used 
to designate these oils is a four digit number 
in which the first digit indicates the series or 
type and the last three digits indicate the approxi¬ 
mate saybolt viscosity. 

The following illustrates how to translate the 
symbol system of oil MS 3050. 

MS 3050 indicates a general purpose oil 
(series 3) having a viscosity of approximately 
050 at 210° F. 

Viscosities are measured at 130° F for all 
series 2, series 8, and series 9 oils. All other 
series are measured at 210° F. 

The following series of MS oils are approved 
for use in naval ordnance equipment: 

Series Type 

1 Lubricating Oil, Aircraft Engine 

2 Lubricating Oil, General Purposes 

3 Lubricating Oil, General Purposes 

4 Lubricating Oil, Cylinder, Mineral 

GREASES 

Lubricating greases are a mixture of soaps— 
commonly, calcium soap or sodium soap —and 
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lubricating oil. The oil may be a mineral oil 
(petroleum base), or a synthetic oil. 

The purpose of the soap is to make the oil 
"stay put" at the point of application. The soap 
traps the oil within its mass, but the actual lu¬ 
brication is done largely by the oil in the grease. 
You might think of it as an oil-soaked sponge. 
The heat of friction "squeezes" the sponge, 
melting the grease and releasing the oil to per¬ 
form the lubrication. 

Greases can be classified according to the 
kind of soap used in making them. Each kind of 
soap has specific properties*. 

Calcium (lime) soap grease will not absorb 
moisture or emulsify (separate into its original 
ingredients). Consequently, it is specified for 
general lubricating purposes where bearings 
are exposed. However, calcium-soap grease has 
a low melting point, and is not suitable for hot- 
running bearings. 

Sodium-soap grease emulsifies in the pres¬ 
ence of moisture but has a higher melting point. 
It should be protected from moisture. It is used 
for ball and roller bearings. 

Ollier kinds of soap bases used in greases 
are aluminum soap, and lithium soap, with 
others added to the list as found by experimen¬ 
tation and tests at laboratories. 

Graphite grease, as the name implies, con¬ 
tains graphite. The graphite acts as a mild ab¬ 
rasive to smooth roughened wearing surfaces, 
as a filler to smooth over any pits in the sur¬ 
faces, and as a friction reducer. However, be¬ 
cause of its abrasive action, graphite grease 
should not be used in bearings that are in first- 
class condition —except under high temperatures 
at which ordinary greases would be destroyed. 
Technically, since graphite grease contains no 
soap, it is classed as a lubricant oil, but it 
looks and is applied like other grease. Molyb¬ 
denum Disulphide, Spec. MIL-M-7866, can be 
used instead of the graphite grease. 

Gear lubricants are a mixture of high- 
viscosity oils and just enough sodium soap to 
cause "jellying." Gear lubricants are suitable 
for high gear-tooth pressure and moderate speeds 
where the design of the case is such that ordinary 
oil cannot be retained. 

As with oils, the viscosity of greases varies 
with temperature. If temperature changes make 
it necessary to change oil, check your lubrication 
chart to find out whether you have to change 
the grease too. 


ALTERNATES AND SUBSTITUTES 

If the lubricant prescribed in the OP for a 
piece of equipment is not available, you may 
find it necessary to use either an alternate or a 
substitute lubricant. 

A substitute lubricant is one that will fill the 
need for a limited time, but does not have all 
the essential properties of the prescribed lu¬ 
bricant. As soon as the prescribed lubricant 
becomes available, all of the substitute must be 
removed from the equipment, which must then 
be completely relubricated with the prescribed 
material. 

An alternate lubricant is one whose charac¬ 
teristics closely resemble those of the pre¬ 
scribed lubricant, so that its removal is not 
necessary when the prescribed material is avail¬ 
able. 

Alternates and substitutes for prescribed 
lubricants (as well as for cleaning materials, 
hydraulic oils, and preservatives) are listed in 
OD 3000. 

If none of the listed lubricants is available 
and you must choose a substitute, keep in mind 
that the substitute should be as near as possible 
to the specified lubricant in lubricating and rust- 
preventive qualities, viscosity, and ability to 
withstand the temperature ranges of the equip¬ 
ment. 

In brief, when the prescribed stuff is not to 
be had, use an alternate if you can, substitute 
if you must. 

Breechblock Lubricant 

Lubricant MIL-L-16785 is a specified mixture 
of castor oil, spec JJJ-C-86 and MS 2135 oil, 
used to prevent galling of the bearing surfaces 
of either sliding or interrupted-screw type 
breechblocks. The lubricant is applied by brush¬ 
ing or swabbing, after which the excess is re¬ 
moved. During continuous firing operations, the 
lubricant should be applied frequently. 

If not available already mixed, the lubricant 
may be prepared for use by thoroughly mixing 
the ingredients in the proportions shown in tables 
listed in OD 3000. 

LUBRICATION INSTRUCTIONS 
AND CHARTS 

Lubrication instructions are issued for all 
naval ordnance equipment requiring lubrication. 
Such instructions may be issued as lubrication 
charts. Maintenance requirements cards, in- 
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structtons, ordnance publications, or combina¬ 
tions of these. It is the policy of the Naval 
Ordnance System Command, whenever practic¬ 
able, to prepare lubrication charts with complete 
lubrication instructions for all equipment. These 
charts are prepared on drawing forms with 
drawing numbers assigned, (fig. 14-2). 

Lubrication charts generally indicate the ap¬ 
proved lubricants and related materials, points 
and required frequency of application, and the 
target symbol of the specific lubricant and 
related material. The charts also contain addi¬ 
tional information relating to lubrication, drain¬ 
ing, filling, cleaning and other maintenance 
functions. 

LUBRICATING TARGET 
SYMBOL 

Lubricants to be used are identified by target 
symbols at each point requiring lubrication (fig. 
14-2). These symbols signify the type of oil or 
grease to bfe used. The OD 3000 (fourth revision) 
identifies the symbols and reflects the current 
changes of each symbol. The target symbols 
shown on figure 14-2 are numbered and indicate 
different points to be lubricated. The numbers 
reference the names of the parts and how many 
places on each part require lubrication. 

On many old ordnance lubrication charts the 
lubricants listed are identified by superseded, 
cancelled or replaced specifications, such as 
14-G-10 (ORD) shown on figure 14-2. As stated 
earlier, all lubricants are now under military 
specifications and carry a MIL number. To cross 
reference these numbers refer to the target 
symbols shown in OD 3000, make sure that you 
have the latest OD. For example, the bearing 
grease indicated in figure 14-2 by the super¬ 
seded numbers 14-G-10 (ORD), now carries the 
current specification MIL-G-16908 (BurOrd). 

LUBRICATING TOOLS 

Some lubricants are applied by smearing 
them on the surfaces to be lubricated, but you’ll 
most often use a tool (grease gun, oiler, or 
grease pump) especially designed to put lubri¬ 
cant into the equipment through a lubrication 
fitting. 

Grease Guns 

Grease is applied by a grease gun or pump 
through a nozzle that is designed to match the 
fitting. 


Although ordnance plants and repair shops 
have electrically or pneumatic ally powered equip¬ 
ment, you provavly will have to depend on your 
own right arm for power to operate lubricating 
equipment. In this section we shall therefore 
take up only the hand-powered lubricating equip¬ 
ment you are likely to use. 

Hand-operated grease guns are of two types, 
depending on how they are loaded. You load one 
style by removing a cap that comes off with the 
handle and stem, and filling the body with grease, 
using a paddle or spatula. As you might expect, 
this method of loading can be messy, and it also 
exposes the lubricant to dirt and moisture. A 
faster and cleaner kind of gun (fig. 14-3A) is 
loaded by removing the cap nut from the end of 
the hollow handle and forcing grease in through 
the handle with a hand gun loader (fig. 14-4A), 
or a bucket-type lubricant pump (fig. 14-4B). 

The hand gun loader is a 25-pound container 
equipped with a hand-operated pump and a fitting 
that mates with the opening in the handle of the 
grease gun. The bucket-type lubricant pump 
makes use of a loader adapter and loader valve 
when it is used for loading a grease gun. One 
pound of lubricant is delivered with every seven 
full strokes of the pump. The loader will de¬ 
liver lubricant only when the gun is placed on the 
loader valve. You can see how much less messy 
the loader is than the paddle, and how it protects 
the lubricant against contamination. Besides, 
you don’t have to run back to the storeroom to 
refill your gun. 

Different nozzles can be attached to the grease 
guns for different types of fittings. The lubri¬ 
cant pump also has various couplers and adapters 
that attach to the hose, so that the pump can be 
used on different fittings. 

Grease guns can be used for oil if the point 
to be lubricated has the proper fitting, or an oil 
gun (fig. 14-3E) may be used. 

A lever-type grease gun (fig. 14-3C and D) 
is being introduced; it gives more positive lubri¬ 
cation than the Zerk grease gun. 

When you need to apply large quantities of 
grease —as, for example, in a 3"/50 roller 
path—a grease gun is too small. The bucket- 
type hand-operated lubricant pump (fig. 14-4B) 
holds the same amount of grease as the hand 
gun loader, and is fitted with a pump operated 
with a lever. It has a 10-foot hose with a hydraulic 
T-handle adapter and a 90° adapter for working 
in cramped spaces. With this pump you can 
build up a lubricant pressure of 3,500 psi, and 
deliver a pound of lubricant every 20 full strokes. 
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The hand-operated lubricant pump can handle 
any type of lubricant generally required on naval 
ordnance equipment except greases of calcium- 
soap type. 

If you can arrange it, use several grease 
guns — one for each type of lubricant you will 
need. Then you can save time by taking care of 


all the fittings requiring a specific type of lu¬ 
bricant before going on to apply the next type. 
For example, if you’re working on a 5"/54 
mount, take care of all the fittings around the 
gun house that require MIL-G-7711 before work¬ 
ing on those that take MIL-L-l 8486. After you’ve 
finished with the gun, rammer, hoist upper end, 
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Figure 14-4. —Hand-operated grease pumps. A. Hand gun loader. B. Bucket-type lubricant pump. 


and so on, repeat the sequence of application 
down in the handling room. 

If the number of grease guns on the mount is 
limited, it may be worthwhile to pool the grease 
guns from several mounts. If even that is im¬ 
possible and you are obliged to use one gun for 
more than one lubricant, be sure the gun is as 
empty as you can make it before adding a differ¬ 
ent lubricant. Mixing lubricants is not good 
practice. 

FITTINGS 

Grease fittings are of several types — hydrau¬ 
lic (unofficially called the Zerk fitting, after its 
inventor), button-head, pin-type, and flush (fig. 
14-5). 

The hydraulic fitting protrudes from the sur¬ 
face into which it is screwed, and has a spe¬ 
cially shaped rounded end that the mating nozzle 


can grip. A spring-loaded ball acts as a check 
valve. The nozzle will not slip off the fitting 
during lubrication, but can be easily disengaged 
by a quick forward-backward movement. Push- 
type (Zerk) hydraulic fittings are being replaced 
by commercial button-head and pin-type fittings, 
which provide more positive connection with the 
grease gun. Figure 14-5, part A, shows a cross- 
section view of a straight hydraulic fitting, and 
part C shows hydraulic fittings made for dif¬ 
ferent angles. They are made to fit most any 
angle, and with different threads and body lengths. 

The oil cup with ball valve (fig. 14-5F) is the 
most popular type for oil fittings. 

When using a gun equipped with nozzle for 
hydraulic-type fittings (fig. 14-3A, C), just place 
the nozzle on the fitting and push forward on 
the handle. This slips the nozzle onto the fitting 
and at the same time builds up hydraulic pres¬ 
sure in the gun, forcing the grease out of the 
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Figure 14-5. — Lubrication fittings. 


As with other routine jobs, it helps to have 
a standard operating procedure that you can 
habitually follow. Here’s one that will be helpful: 

1. First, consult the lubrication chart and 
locate the fitting. 

2. Clean the fitting carefully with a lintless 
cloth. 

3. Apply the correct amount of the specified 
lubricant. (Be careful of the amount you apply — 
too much will cause excessive heat in the bear¬ 
ing and strain the grease retainers, while too 
little is on a par with too late.) 

4. Wipe all excess grease from around the 
fitting. 

5. Check off the fitting on your chart. A 
fitting must not be missed just because it is 
battered or frozen. A battered fitting must be 
replaced. A "frozen" fitting probably means 
that the oil holes throughout the bearing are 
clogged. This means tearing down the bearing 
and cleaning all parts carefully. Grease that 
fitting even if it requires an hour of extra workl 

Plastic protective caps often are provided 
for use on hydraulic fittings to prevent the en¬ 
trance of dirt or water, and to protect the fittings 
during ice removal, painting and similar opera¬ 
tions. The caps also prevent the greases from 
hardening in the fitting during the long periods 
of stowage. 

AUTHORIZED CLEANING AND 
PRESERVING MATERIALS 


nozzle. Then relax the pressure. A spring forces 
the handle back, ready for the next stroke. 
Three strokes are usually enough. Only one hand 
is needed to work this type gun. The grip 
action of the nozzle coupler holds the nozzle 
firmly to the fitting until pulled free. The Zerk 
grease gun can be used with the button-head 
fitting by adding an adapter. 

The flush fitting (fig. 14-5B) is flush with 
(or below) the surface into which it is set, so 
that it will not foul moving parts. It is used 
also where there is not sufficient clearance to 
install protruding fittings. The flush fitting also 
has a ball-type check valve. When using a gun 
equipped for flush-type fittings, you must exert 
a steady pressure against the grease-gun nozzle 
to keep it in contact with the flush fitting while 
pumping lubricant since the nozzle has no grip 
on the fitting. Otherwise, the method of use is 
much the same as with hydraulic fittings. 


As a Gunner’s Mate G, most of your cleaning 
and preserving work will be done on metal sur¬ 
faces, principally steel. The preservatives must 
protect the metal against rust and corrosion; 
the cleaning materials must clean the surface 
before the preservative is applied. 

Rust is caused by the slow burning (oxidation) 
of iron. When iron or steel rusts, it combines 
slowly with the oxygen in the air. 

Technically, corrosion is not exactly the 
same as rust, since its meaning includes metal 
being eaten away by acid, or by the action of 
salt water, or other substances. Rust and cor¬ 
rosion are dangerous and destructive saboteurs 
that attack unguarded metal at the slightest 
opportunity. 

The way to protect metal from rust and cor¬ 
rosion is to protect it from the air. Paint is a 
good protective, but many metal surfaces, such 
as moving parts, cannot be painted. 
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The lubricants used on moving parts serve 
as rust preventives to some extent, but often 
this protection is not enough. These are tem¬ 
porary preservatives for protecting metal from 
water and weather. Light oils and greases are 
applied to exposed gun parts and mounts as 
temporary protection against corrosion. Bright 
steel work, such as a gun breech, should have 
such protection. Slushing oils, available in several 
grades, are provided for this purpose. All old 
oil and dirt should be cleaned from the part 
and the surface thoroughly dried before new 
oil is applied. 

Some lubricants (for example, preservative 
lubricating oil for use in small arms and light 
machine guns) have preservative additives (rush 
inhibitors) and can serve for short-term preser¬ 
vation, but NO preservative is intended for use 
as a lubricant. 

When lubrication is not desired, there are 
special preservatives (permanent type) which 
may be brushed or sprayed on the surface to be 
protected, or in which the small parts of a 
mechanism may be dipped. After treatment, 
the preserved mechanism can be stored for a 
long period. (The length of time depends on the 
characteristics of the preservative, the kind of 
storage, etc.) 

A rust preventive that can be used either to 
protect exterior surfaces or (as when pumped 
through a hydraulic system) for preserving in¬ 
terior surfaces, tubes, etc., is the thin-film 
polar-type compound, which is available in sev¬ 
eral grades. Hard-film compound, also is sev¬ 
eral grades, is for metal exterior surfaces 
only. 

Rust preventives are NOT lubricants and 
should not be used instead of lubricants. Be¬ 
fore treating metal surfaces with rust preven¬ 
tives, BE SURE TO REMOVE ALL TRACES OF 
RUST AND CORROSION, AND ALL OF THE 
OLD LUBRICANT. 

BE SURE TO REMOVE ALL OF THE RUST 
PREVENTIVE before adding lubricant to ord¬ 
nance equipment that has been stored with rust- 
preventive compound coating. OP 1208 (Third 
Revision) Instruction for Inactivation, Preser¬ 
vation, Maintenance, and Activation of Ordnance 
in Vessels in an Inactive Status, gives step-by- 
step instructions for removing preservatives 
from guns and other ordnance equipment. 

OD 3000 contains a chart of all cleaning and 
preserving materials authorized for use on ord¬ 
nance materials. This chart gives the specifi¬ 
cation number, characteristics, applications, 
standard Navy stock number and container size, 


and substitutes, while the text elaborates on the 
use of each item. Some of the materials will be 
described briefly. 

Soap and water are one answer to the problem 
of removing all dirt and traces of old oil or 
grease from metal surfaces to be treated with 
rust preventives, paint, or other preservative. 
Wash away all soap; then see that the surfaces 
are DRY, and finally, apply rust preventives 
(or paint) without delay. It’s sometimes hard 
to get at pockets or cavities in which water 
collects; be sure they are not neglected. 

Dry-cleaning solvent (Varsol or Stoddard 
Solvent) is useful for cleaning away old grease, 
oil, and rust preventives. However, it's hard 
on rubber (use soap and water on that) and it 
must not get on optical lenses. Because of its 
irritating, flammable fumes, it should be used 
only where there is plenty of ventilation and 
where there are fire extinguishers handy. Diesel 
fuel or kerosene can also be used for the same 
purposes as dry-cleaning solvent. 

Ethyl alcohol is a good cleaning agent for 
optical parts. 

Rifle-bore cleaner, which we have discussed 
in connection with small arms, is also useful 
for removing powder fouling in large weapons. 

It’s extremely important to clean off every 
trace of corrosion before applying preserva¬ 
tive or paint. Once it has started, corrosion 
can continue even under a coat of paint or 
preservative. 

Light traces of rust can be removed with a 
polishing cloth, oily or dry. 

Iron rust can be dissolved but the materials 
used also attack the metal, so rust solvents may 
not be used without the specific authorization of 
the responsible ordnance officer. If it is neces¬ 
sary to use a rust solvent, take particular care 
to remove every trace of the solvent after it has 
removed the rust. Otherwise the solvent itself 
may act as a corrosive beneath a rust-preventing 
coat. The correct method for using these rust 
solvents (Metal Conditioner, MIL-M-10578, Type 
I, for unplated barrels; Type in for plated 
barrels) is given in OP 1208. 

When using abrasives to remove rust, be 
careful to select the proper type (see OD 3000) 
and use it sparingly. 

NEVER use abrasives without permission 
from the proper authority. Only experienced 
personnel may use abrasives or wire-brushing. 
Carelessly used abrasives can do more damage 
than rust. A few strokes of even a fine abra¬ 
sive would destroy the accuracy of many close- 
fitting parts which are machined to close toler- 
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anees, and would lead to costly replacements. 
Always be extremely careful to keep grit from 
getting into bearings or between sliding surfaces. 

After the rust has been removed, the parts 
must be thoroughly cleaned and dried. Avoid 
leaving your own fingerprints on the metal. 
Cleaned surfaces should not be touched by bare 
hands before the rust preventive is finally 
applied. 

When the surface is clean and dry, you are 
ready to start applying paint or preservative. 
The official instructions for painting on United 
States naval ships are to be found in a NavShips 
publication. 

STOWAGE OF LUBRICANTS 

Lubricants and related materials may be 
stowed for long or short periods before use. 
Although they are relatively stable, they are not 
inert, and proper stowage methods are im¬ 
portant. 

Many factors contribute to the deterioration 
of materials in stowage. The nature of their 
constituents makes them more or less suscep¬ 
tible to chemical and physical changes, which 
are accelerated by elevated temperatures, hum¬ 
idity, exposure, and the presence of certain 
catalysts. Principal physical changes are separa¬ 
tion and contamination. 

Oxidation is the most common chemical rea- 
action in stowed materials. It occurs when the 
material is exposed to air, particularly moist 
air, and is accelerated by high temperatures and 
the presence of certain catalysts. Materials 
containing soluble additives may deteriorate by 
decomposition or precipitation of the additive. 
These and other chemical changes can produce 
such harmful substances as acids, gases, water, 
insoluble gum, and sludge. Animal and vegetable 
oils are generally more susceptible to chemical 
change than mineral oils. 

Physical changes include separation of oils 
from the soap component in greases, and separa¬ 
tion of insoluble additives from the parent mate¬ 
rial in oils. These changes may not be as serious 
as chemical changes, since thorough mixing may 
restore the material to a usable state. 

Rain, melted snow, and water vapor in the 
atmosphere can contaminate materials which are 
exposed or improperly sealed. Water vapor 
trapped in the container prior to sealing can 
condense when the ambient temperature drops. 

Generally, containers used to package mate¬ 
rials supplied under specification requirements 
are suitable for stowage purposes. The effects 


of overheating, insufficient ventilation, and proxi¬ 
mity to dangerous materials must be considered 
when handling and stowing lubricants and related 
materials. Good housekeeping in handling and 
stowage areas should be stressed at all times. 

All stowage areas should have foundations of 
steel, concrete, or adequately treated wood. 
Facilities for proper drainage should be pro¬ 
vided at all times. 

Containers, when stowed, should be handled 
carefully to avoid breakage. If they are stacked, 
overloading of the lower ones should be avoided, 
as this may open seams and permit loss of mate¬ 
rial. To prevent accumulation of water in their 
upper ends, drums should be stowed on their 
sides. 

Containers from which material is occasion¬ 
ally being drawn should be kept tightly closed 
when not in use and should be stowed with the 
bung or outlet in the up position and securely 
tightened. Solvent containers should be kept out 
of the sun and away from heat at all times. 

Lubricants and related materials should be 
segregated from explosives and other dangerous 
materials. 

Before containers are stowed, inspect for 
corrosion, leakage, and complete closure of all 
plugs, caps, and covers. Remove all corrosion 
and repaint the affected areas. 

During stowage, inspect containers frequently 
for leakage and corrosion. If tests indicate 
that the contents of leaking containers are in 
satisfactory condition, the materials should be 
transferred immediately to serviceable con¬ 
tainers. Remove and destroy leaky containers. 

Inspect stowage areas for adequate drain¬ 
age, foundations, and properly placed undamaged 
tarpaulines. Correct all deficiencies found dur¬ 
ing inspection, immediately. 

Vapors from oils, greases, solvents, and 
similar products are flammable. When com¬ 
bined with air in certain concentrations they 
may form explosive mixtures which can be ig¬ 
nited easily by a spark, open flame, or lighted 
cigarette. To prevent accumulation of flam¬ 
mable vapors, stowage areas must be properly 
ventilated. To safeguard against fire and ex¬ 
plosion, display warning signs, prominently, keep 
oil-fire extinguishing equipment available, and 
keep interiors of stacks open to permit entry 
of firefighting equipment. Use spark-enclosed 
forklift trucks only. 

Flammable materials such as oils, greases, 
and solvents, packed in metal containers or 
overpacked in fiberboard or wood boxes, are 
best protected when stowed in special nonflam- 


563 


Digitized by 


Google 




GUNNER'S MATE G 3 & 2 


mable buildings. A temperature range of 40° 
to 80° F is the most desirable for stowage. 

When space is limited, it may be necessary 
to stow lubricants and related materials in a 
general stowage warehouse. In this case, use 
end bays whenever possible. 

If the lack of indoor stowage facilities neces¬ 
sitates stowing materials outdoors, protect con¬ 
tainers from the weather with tarpaulins or 
sheds, to reduce the likelihood of contamination 
by water. When tarpaulins are used, lash them 
in place securely and position them so that air 
is free to circulate around the containers. 

Vapors from lubricants and related materials 
may frequently have a toxic effect on the human 
system. Take every precaution to prevent ex¬ 
cessive concentrations of such vapors in the air. 

The following safety precautions should be 
observed when you are working with materials 
that have toxic effects: 

1. Sufficient mechanical ventilation to reduce 
the concentration of toxic fumes to a safe level. 
When possible, ventilation should include an 
exhaust for fumes as well as an intake for 
fresh air. 

2. When a safe level of ventilation is doubtful, 
workers in the compartment should wear an 
air line respirator provided with a pure air 
supply. 

3. Men working in a compartment where 
fumes may be above a safe toxic level should 
always work in pairs, so that one man remains 
outside the compartment as a safety watch at all 
times. The man outside should have a respir¬ 
ator so he won’t be overcome if he has to go into 
the compartment to bring out an overcome man. 

4. Under no circumstance is 1.1.1-trichlore- 
thane (methyl chloroform) to be used in a closed 
compartment. 

As a petty officer you must see that the 
regulations are observed by the men in your 
charge. 


ELECTRICAL EQUIPMENT 
MAINTENANCE 

Your guns are under director control for the 
most part, locating the target, sighting, train¬ 
ing, elevating, and firing the guns, all by elec¬ 
tric power. You need a practical knowledge of 
how to make repairs on electric wiring, and 
how to make electrical tests of your gunnery 
equipment. Of course the more you know about 


how electricity works, the better you will under¬ 
stand why repairs have to be made in certain 
ways. The topics in which you need to have a 
basic understanding include: principles of static 
electricity, series circuits, parallel circuits, 
series-parallel circuits, magnetism, electro¬ 
magnetism, electromagnetic induction, volt¬ 
meters and ammeters, generators, d-c motors, 
a-c motors, transformers, firing and lighting 
circuits, and techniques for tinning and splicing 
wires. See Basic Electricity, NavPers 10086-B, 
for an explanation of the basic principles of 
electricity, and of how they are applied to such 
things as circuits, generators, motors, and trans¬ 
formers. 

Basic Electricity has illustrations showing 
how to make different kinds of splices of elec¬ 
tric wires and how to apply insulation over the 
splices. Basic Handtools, NavPers 10085-A, also 
has instructions for soldering electrical connec¬ 
tions, and shows how to strip insulation from 
electric wires with a knife and with side-cutting 
pliers. 

USING WIRING DIAGRAMS 

To quality for a Gunner’s Mate 3 you must 
be able to "trace and identify symbols of a cir¬ 
cuit wiring diagram." The diagrams will help 
you locate the source of trouble if your electric 
equipment fails to operate properly. 

The OP’s for your equipment contain the 
wiring diagrams that apply. At first glance they 
look very intricate; you must be able to recog¬ 
nize the symbols used before you can trace a 
circuit. Blueprint Reading and Sketching, Nav¬ 
Pers 10077-C, contains a chapter on electrical 
and electronic blueprints; that chapter will help 
you a great deal in reading wiring diagrams. 
The symbols used have been adopted by the De¬ 
fense Department, and all brances of the Service 
use them. Military Standard, Electrical and 
Electronic Symbols, MIL-STD-15 1A, dated 1963, 
lists the symbols in current use. If the drawing 
you are using is older than that, you must use an 
earlier issue of MIL-STD to interpret the sym¬ 
bols. The great increase in electrical and elec¬ 
tronic equipment on shipboard made revision of 
the symbol system necessary. 

Figure 14-6 shows a simple example of a 
schematic type of wiring diagram. A schematic 
diagram shows the scheme of the wiring and not 
the actual placement of the parts in the equip- 


564 


Digitized by 


Google 



Chapter 14—MAINTENANCE PART I 


FIRING FIRING 

KEY IN KEY IN MOUNT CAPTAIN’S FIRING 

PLOT DIRECTOR SELECTOR TRANSFORMER 



84.280 

Figure 14-6. — Electrical firing circuit (schematic). 


ment. The schematic diagram is helpful in 
troubleshooting because the electrical parts are 
placed in the sequence of operation. In figure 
14-6 trace the circuit, beginning with the ship’s 
115-v a-c supply. This highly simplified rep¬ 
resentation does not show all the switches, etc., 
in a firing circuit. When you can trace the cir¬ 
cuit on this simple sketch, try a more complex 
one, such as the elevation controller circuit on 
a 3"/50 mount (OP 1698). Then try a wiring 
diagram (not schematic). The elementary wiring 
diagram shows all the wires and connections. 
The wiring diagrams in OP’S are usually fold- 
out, and to trace a complete circuit you may 
have to put several diagrams together. The 
letter symbols used in the diagram are usually 
explained in a legend attached to it but you 
need to be familiar with some common electrical 
symbols to interpret even the simplest dia¬ 
gram. Basic Electronics NavPers 10087-B shows 
most of the commonly used symbols for elemen¬ 
tary wiring diagrams. Schematic diagrams 
formerly used a different set of symbols. 

As mentioned before, symbols have been 
changed and standardized in the last few years. 
More than likely, the OP’S for your guns will 
have the old symbols on their wiring diagrams. 
The changes in symbols are not likely to cause 
you confusion for long; whether M or MOT is 
used, for example, you’ll know it means MOTOR. 


TESTING FIRING AND 
LIGHTING CIRCUITS 

The firing circuits of your guns have to be in 
perfect working order. They must be checked 
every day. Even though the firing mechanism 
is freshly cleaned, the continuity and insulation 
of the firing circuit must be tested. For this, 
you will use an ohmmeter or a megger (meg- 
ohmmeter), or a small test lamp. The contin¬ 
uity and insulation of the circuit can be tested 
without loading and firing the gun, but position 
the gun in a safe direction before beginning the 
test. Both the motor-generator circuit from the 
director and the local battery circuit must be 
tested for continuity. The testing meters are 
described and illustrated in Basic Electricity. 

Continuity Test 

Use a small test lamp (usually 20-volt) which 
has two insulated leads with metal tips. Hold 
one lead against the terminal of the firing pin and 
the other against any dry, unpainted metal part, 
on the slide of housing (to GROUND the lead). 
When the firing key is closed, the lamp should 
glow. On the motor-generator circuit, the lamp 
will glow more brightly than on the battery cir¬ 
cuit. If there is no glow, there is a short or 
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open somewhere; it must be located and re¬ 
paired, and the test made again. 

An ohmmeter can be used to check the con¬ 
tinuity of any circuit that is not energized. When 
the test leads of the ohmmeter are connected to 
l any two points in the circuit, the meter will in¬ 
dicate the resistance between those points. The 
ohmmeter contains both an ammeter and a bat¬ 
tery, If the circuit to be tested has continuity, 
current will flow from the battery, through the 
test circuit, and through the meter. The meter 
is calibrated to show the resistance of the cir¬ 
cuit under test. Many ohmmeters have a choice 
of several ranges, selected by a rotary switch, 
so that the scale will show the circuit resistance 
in ohms, or in thousands of ohms, or some 
other multiple. 

Insulation Test 

All circuits must be given a ground test every 
day as a check on the insulation. Moisture and 
excessive heat are the greatest causes of insul¬ 
ation breakdown. Once the insulation break¬ 
down starts, there is a leakage of electricity, 
which further breaks down the insulation, until 
there is a ground or short. Use a megger to 
make the test. The meggers usually furnished 
to ships are rated 500 volts. 

To make the test, attach one lead of the meg¬ 
ger to the firing pin terminal and ground the 
other lead as for the test lamp. Turn the hand 
crank of the megger at the rated speed (shown 
on the instrument). The needle on the dial should 
point to at least 1 megohm. If the reading is 
lower, inspect the insulation of the firing circuit. 
The insulation failur is most often found in 
the firing leads, so look there first for bare 
wire, frayed insulation, and oil or grease on the 
insulation. Always inspect the firing leads, re¬ 
gardless of the test results, to make sure there 
are no kinks, no oil or grease on the insulation, 
and no entanglement with other gun parts. Oil 
or grease may be removed by wiping with a 
cloth dipped in inhibited 1.1.1-Trichlorethane 
(Spec. O-T-620). 

CAUTION: Do not breathe the fumes of sol¬ 
vents. Be sure there is adequate ventilation 
where you are using them. 

If any frayed or worn insulation is found, 
splice in a new piece of insulated wire. Locate, 
if you can, the cause of the excessive rubbing 
against the wires, and remove it if you can. 


Testing Percussion 
Firing Mechanism 

To test percussion firing on case guns, you 
use a test primer. The test primer fits into the 
primer hole in the base of the short case used 
for testing. (In bag guns, the primer fits into the 
firing lock.) 

Here is how the test is made: 

1. Position the gun in a safe direction. Re¬ 
move the tompion or muzzle cover. 

2. With the operating handle of the gun, 
lower the breechblock all the way. 

3. Insert the short case (with test primer 
mounted) into the chamber and ram it home by 
hand. 

4. Depress the foot firing pedal. You should 
hear a distinct bang as the test primer is deto¬ 
nated. If you don't, first make sure that the 
firing cutout is not the cause of failure. Do this 
by training and elevating to another position in 
which you know the gun is supposed to fire 
safely. Then, as you depress the foot firing 
pedal watch the firing shaft that connects the 
firing stop mechanism to the trunnion; it should 
turn as the foot firing pedal is depressed. If it 
does, and the test primer still doesn't fire, you 
have a malfunction in the firing linkage or me¬ 
chanism to deal with. 

5. If the primer tests OK, open the breech 
and remove and stow the case. 

Test primers are used also in testing elec¬ 
trical firing, to supplement the test lamp and 
megger checks described above. 

Testing Lighting Circuits 


You know at once if there is anything wrong 
in a lighting circuit—the lights go out. On a 
turret or gun mount, the men at the different 
stations need to report immediately if any light 
is out. The next step is to find the source of 
trouble. It may be in the fuse box, in which 
case you just need to replace the fuse. (Be sure 
to use a fuse of the proper rating.) If replacing 
the fuse does not remedy the trouble, look for 
loose connections, broken or frayed wires, dirty 
contacts, acid or paint on the insulation. These 
circuit defects not only cause light failure or 
weak and flickering lights, but are a fire hazard 
and should be repaired immediately. The wir¬ 
ing diagram can show you the location of the 
wire. Dirt, oil, or corrosion at a connection act 
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as insulation and reduce the amount of elec¬ 
tricity that can pass through, and thus cause a 
light to be dim. WITH THE POWER OFF, cleani 
and tighten the contacts. Then check the lights 
again. If replacing the fuse, and cleaning and 
tightening all connections does not remedy the 
trouble, there must be a short circuit or unin¬ 
tentional ground in the circuit. Breaks in the 
wire are most likely to occur at sharp bends or 
kinks. Trace the wire to locate the break, and 
repair it. Splicing the wire, soldering the splice, 
and taping it with friction tape, are operatins 
that you should be able to perform. The methods 
are described and illustrated in Basic Electricity. 

Splicing is only a temporary means of repair. 
Any wire that is damaged shall be replaced. In 
many weapon systems spare wires are installed 
in a system to provide for fast permanent repair. 


HYDRAULIC EQUIPMENT 
MAINTENANCE 

You have learned about basic theories of hy¬ 
draulic machinery operation in Basic Machines, 
NavPers 10624-A. Frequent reference has been 
made to the use of hydraulic equipment in other 
chapters of this course. Hydraulic gear will 
require a good deal of the time you spend on 
maintenance. Her.e are some general considera¬ 
tions that you'll do well to bear in mind when 
you're assigned to take care of hydraulic equip¬ 
ment. 

EXERCISING AND INSPECTING 
HYDRAULIC GEAR 

When your hydraulic system is working prop¬ 
erly, the best way to keep it that way is to give 
it a workout every day. This workout should 
include operation in all types of control: auto¬ 
matic, local, and manual. If the mount isn't 
operated at least daily, the valves may seat and 
stick. So remember — to keep it in working trim, 
work it. In cold temperatures, the hydraulic 
equipment may have to be exercised as much as 
15 minutes every hour. 

Observe all safety precautions just as if ac¬ 
tual firing were taking place —keep a safety 
watch posted to be sure no one gets in the way 
of moving machinery. 

Even with filters in the system, water should 
be drained from low portions of the system fre¬ 
quently. The OP for the equipment has dia¬ 
grams of the hydraulic system which show the 
location of the petcocks. 


Venting of air should also be done frequently. 
Small cocks are located at various placed in the 
hydraulic system. Open the cock so the air can 
escape; when the flow of liquid becomes steady, 
close the cock. Do this with each venting cock 
in the system. 

Petcocks to check the oil level in the supply 
tanks should be checked daily. Checking the oil 
level is the first thing you do when anything 
seems wrong with the hydraulic system. Read 
and record pressure shown on pressure gauges 
in the system. 

Note any leakage of oil. Report leakage that 
is more than seepage around joints and valves. 
If there is excessive leakage around oil seals, 
disassembly is necessary to replace the seals. 
You will need the applicable OP for instructions 
in disassembly and reassembly. Consult with 
your chief on such repairs. 

Operation of the oil pump is checked by re¬ 
moving the inspection cover. On 3"/50 guns, 
for example, with the mount in Manual Control, 
you turn the gearing by turning the hander ank, 
and observe the operation of the pump. 

The hydraulic system of any naval gun is too 
complex to give details here; you need the OP 
for your gun to become familiar with it. 

DRAINING AND REFILLING 
HYDRAULIC EQUIPMENT 

When it becomes necessary to drain the entire 
hydraulic system of an equipment, warm up the 
power transmission fluid (hydraulic oil) by op¬ 
erating the equipment for an hour or two. Then 
let the fluid drain out completely. Once you start 
draining, do not operate the equipment. Do not 
discard the oil unless you have been specifically 
told to do so. Sometimes it is passed through the 
filter one or more times and reused. 

When all the old oil is drained out, you flush 
the system with the same fluid the system norm¬ 
ally uses (unless otherwise specified in the OP 
or OD). NEVER FLUSH THE SYSTEM WITH 
KEROSENE or diesel fuel oil. Some of it will 
stay in the system and dilute the oil. Besides, 
kerosene contains some components that will 
corrode metal parts. Note: Fluid MIL-17111 
(NORD) is specified as power transmission (hy¬ 
draulic) fluid and is used in most of the hydraulic 
systems employed with ordnance equipment. 

You can use the same flushing oil over and 
over again to prevent waste. 

When refilling a system remember two things: 
First, use only the oil specified by the OP; 
and second, always filter the oil when putting 
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it in the system, even though you are pouring 
it directly from the original container. A filter 
is often provided with the spare parts. Use it. 
Even a little dirt or lint can cause plenty of 
trouble — enough to necessitate complete dis¬ 
assembly and cleaning in extreme cases. 


are capable of filtrating out particles of 0.0004 
inch or less. 

When filling hydraulic units be careful not 
to let any dirt or chips from drain plugs, filler 
caps, or hose nozzles get into the hydraulic 
system. 


It's just about impossible to pour oil into a 
hydraulic system without trapping some air. 
Air is the natural enemy of any hydraulic sys¬ 
tem. It is one of the most compressible things 
there is, so the moment you get air into a hy¬ 
draulic system, you change the whole character 
of its operation. Therefore, any time you fill a 
hydraulic system, you must VENT it carefully. 
Vent plugs at high points should be left open 
during filling until it is necessary to close them 
to prevent oil flowing out. 

You'll find detailed procedures for venting 
each type of equipment in the OP on the equip¬ 
ment, but here are some helpful hints that apply 
in most cases: 

Generally, air-vent ports are built into the 
equipment at high points in the system. The 
basic procedure is to open the vents and run the 
equipment slowly until you can't see any more 
bubblesmcoming from the vents. Then close the 
vents briefly, and gradually step up the speed 
of operation, opening the vents once in a while 
to let out trapped iar. When the equipment 
settles down to operating smoothly under all 
conditions, without knocking, you can assume 
that the air is out. 

FILTERING HYDRAULIC OIL 

Before filling a hydraulic system or re¬ 
placing fluid after flushing, the fluid to be placed 
in the system must first be strained through a 
No. 200 (74 micron) sieve or, preferably, a 
finer sieve, No. 400 (37 micron) to remove the 
coarse particles that may be present. A 37 micron 
filter will remove particles as small as 0.0015 
inch. In addition, it is recommended that the fluid 
be pumped through a portable filtering device 
with a self-contained pump such as that illustrated 
in figure 14-7. This procedure is especially 
recommended for hydraulic equipment containing 
servo or other systems, and having valves or 
other controls with close tolerance parts. Care 
should be taken to use the proper filter element 
to prevent the removal of additives. Where 
micronic type filters are specified for hydraulic 
equipment a 10 micron filter element may be 
used. These filters use replaceable elements of 
cellulose, felt or other fibrous materials and 


Types Of Filters 

The types of filters are: metallic or mech¬ 
anical (including wire screen strainers), ab¬ 
sorbent-inert (contain Fuller's earth), and ab¬ 
sorbent-inactive (contain Fuller's earth and other 
clays). 

Some filters are installed in the system, so 
the hydraulic fluid is filtered continually as it 
circulates (full-flow filters; a by-pass filter 
filters only part of the oil). The filter packs of 
these units become clogged and must be re¬ 
moved and cleaned or new packs installed. OD 
3000 describes and illustrates a self-cleaning 
metal plate filter, with replaceable filter ele- 
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merits, and a compressed-disc type of filter. 
The filtering elements of the compressed-disc 
type can be removed for cleaning. Practically 
all filters have a drain plug for removal of 
sediment and water. 

STARTING A NEW OR 
REPAIRED SYSTEM 

After a repair or replacement has been made 
in a hydraulic system, or when starting up a 
new system for the first time, set the controls 
at neutral and start the motor. Allow the sys¬ 
tem to run for 10 minutes in neutral. The cir¬ 
culation will be small—mostly oil leakage through 
the valve-block ports and past valve surfaces. 
However, it will remove particles that might 
otherwise cause scoring. 

After this rim, examine the screens or filters. 
If there's any evidence of foreign matter, drain 
the system and refill. 

Not until the filters remain clean after oper¬ 
ation do you start moving the controls gradually 
to build up speed and power. Watch for sump- 
toms of valve sticking, and for leaks. At the 
first sign of such conditions, stop operations, 
find the trouble, and remedy it. Don't try to 
"work out" stiffness, lag, vibration, or any 
other trouble. 

The oil of all hydraulic systems should be 
checked at least once monthly (new installations, 
daily) for evidence of acidity and sludge. 

When drawing test samples at drain points, 
inspect for water and for evidence of rust. 

If there's evidence of acidity, water, or rust 
and sludge, drain the system, flush with clean 
hydraulic oil. 

GASKETS, OIL SEALS 
AND PACKING RINGS 

Leakage of fluds from hydraulic systems is 
objectionable and must be minimized by using 
gaskets, seals, and packing. The types of sealing 
used in hydraulic systems vary in design and 
material. Seals, gaskets, and packing are designed- 
to perform a different type of sealing function 
depending on the type of equipment. Packing and 
seals are used to seal openings around moving 
parts against fluid leakage. Gaskets are used to 
seal joints of nonmoving parts. 

Types Of Sealing Materials 

Some of the materials used for gaskets and 
oil seals are neoprene, oil-treated paper, cork, 


annealed copper and leather. The selection of 
gaskets and oil seals depend on the type of oils 
used in a system and the functions and type of 
equipment. Two of the most common types of 
oil seals used in hydraulic systems are the 
Gar lock and the copper molded ring seal. The 
Garlock seal is used on rotating or reciprocating 
shafts where there is little hydraulic pressure. 
Copper molded ring seals are used mainly with 
flange fitting subject to high pressure. 

Packing used in hydraulic systems is used as 
a seal around shafting and valve stems which are 
either rotating or sliding parts of the equipment. 
There are three different types of packing used 
in hydraulic systems, the chevron packing to 
seal a unit tighter. A "U" packing is used as 
a seal in a groove of a flange fitting. A rope 
packing is used in a stuffing box, around stems 
of simple valves. For abetter understanding of the 
purpose and types of sealing materials used in 
hydraulic systems study Fluid Power, NavPers 
1619 3-A. 

WORKING WITH HYDRAULIC 
PIPE AND TUBING 

Preparation And Cleaning 

Whenever hydraulic equipment is delivered 
aboard ship, it has all the openings closed with 
shipping covers or plugs. Keep these plugs in 
place until immediately before you connect them 
with their mating parts. Wait until all the dirty 
work on the equipment is finished and cleaned 
away before you make such connections. When 
you're overhauling a unit, plug all piping, ports, 
and other openings as soon as they have been 
disconnected. 

New pipe is also shipped plugged to exclude 
dirt. Although it's presumably clean, it must 
be recleaned before it is assembled into the 
system. New pipes are cleaned with acid solu¬ 
tion to remove oxides, but this cleaning is nor¬ 
mally done before the pipe or tubing is brought 
aboard. Check the interior of the pipe by run¬ 
ning a clean rage through it. If it is not clean, 
use a metal cleaner recommended in OD 3000. 

CAUTION: Observe ventilation and fire pre¬ 
cautions when using organic solvents. Keep acids 
and alkalis off skin and clothing and wear goggles 
to protect your eyes. 

NEVER POUR WATER INTO ACID —the mix¬ 
ture will boil violently and may explode. Al¬ 
ways pour the acid into the water. 

If acid does splash into your eyes, or onto 
your body, WASH THOROUGHLY AT ONCE with 
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clear cold water. It is wise to head for sick 
bay immediately after you wash off the acid. 

Acids should be handled or used only in glass 
or lead containers. Wear goggles and rubber 
gloves when you handle acids or work near them. 
You clothes will last longer if you wear a rubber 
or asbestos apron. 

Next, soak the pipe for 10 minutes in BOIL¬ 
ING WATER. 

Then turn a high-pressure stream of fresh 
cold water through the pipe, and dry it thor¬ 
oughly afterward. Be careful not to leave threads 
from your drying rags in the pipe. 

Finally, seal both ends of the pipe until it's 
ready to install. Always oil steel pipes after 
cleaning to prevent rusting. 

Making Bends 

All tubing should be accurately bent and fitted 
so that yQU don't have to spring the tube into 
place. High-pressur tubing which has a length 
greater then 100 diameters should be supported 
by brackets or pipe clamps. Otherwise exces¬ 
sive vibration will develop. 

The piping and tubing normally is furnished 
with the correct bends in them, but it is possible 
to bend them aboard. The pipe fitting shop is 
equipped to make the bends on larger pipes, 
but you can make them on the smaller sizes. 
Review Basic Handtools, NavPers 10085-A, on 
the use of external and internal spring-type 
benders for making bends in soft tubing (such as 
copper) 1/4-inch to 5/8-inch in diameter. Larger 
copper pipe, thin-walled, up to 1-1/2 inch, may 
be bent hot when packed with dry sand. The Pipe 
Fitter is qualified to do this work. Different 
materials require different treatment. If the 
metal is over-stretched on the outside of the bend, 
the tube will be too weak to withstand the pressure 
in the hydraulic system; a "wrinkle" bent too 
sharply on the inside bend will break the metal. 

Cutting And Threading 

Pipe and tube cutting is a fairly simple oper¬ 
ation. The tools most frequently used are a 
hacksaw, pipe cutter, tube cutter, or oxyacety¬ 
lene cutting torch. Refer to Basic Handtools 
for illustrations and methods of using the first 
three tools. The Navy supplies two sizes of 
pipe cutters, which are used on pipes or tubing 
over 1/4-inch inside diameter. Tube cutters 
are similar to pipe cutters but are used to cut 
tubing 1/8 inch to 1/4 inch in diameter. 


All methods of cutting tend to leave burrs on 
the cut edge, especially on the inner rim of the 
pipe or tube. Remove the burrs with a pipe 
reamer or a file. 

After you have cut the pipe length you need, 
it will require threading. Pipe threads taper to 
provide a tight fit for the pipe connection. Ex¬ 
ternal threads are cut with a die an die stock. 
Cutting threads on the inside of the pipe is 
called tapping, and is done with a tap and tap 
wrench. A pipe vise is necessary to hold the 
pipe securely while you work on it. 

The chapter on cutting operations in Basic 
Handtools has instructions for cutting both in¬ 
ternal and external threads on pipes. It con¬ 
tains tables of sizes of pipe and pipe tap drills. 
Another table gives you the length of thread re¬ 
quired to give a tight connection on each size 
pipe. Review the chapter on measuring if you 
need to refresh your memory on how to measure 
pipe size. It is important that you select the 
correct size of tap or die, and that the tools are 
in good condition. Pipe threading is a precise 
operation and you must be careful or you'll 
make chipped or imperfect threads. 

Making Joints And 
Connections 

For threaded joints, perfectly cut threads 
are essential for a tight joint. There must be 
no dirt, chips, etc., on the threads. Wire¬ 
brush the threads to remove any such material, 
and finish with a jet of air under pressure. Eli¬ 
minate friction to make assembly easy, but 
place the lubricant or pipe dope only on the 
male threads so it will not squeeze into the pipe. 
Make the last few turns with a wrench, but don't 
try to force the joint with an oversize wrench; 

Flanged joints are often made with gaskets. 
Be sure you have the size, shape, and material 
specied for the joint. All parts must be clean 
and free of any dirt particles or grit. If there 
is preservative on the flange faces, wipe it off 
with a solvent-soaked rage. The flange faces 
must be in perfect alignment. Insert two bolts, 
diametrically opposite, and set them up fairly 
tight. Insert other pairs of bolts similarly until 
all are set, then tighten all of them, using the 
specified torque. 

When making up connections, tubing should 
not be welded, brazed, or soldered unless the 
design calls for it. Such connections make prop¬ 
er cleaning difficult or impossible. If a joint 
is gasketed, the inner diameter of the gasket 
must be cut back to prevent the gasket material 
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from fraying into the system. Threaded joints 
which require cement should be seated at least 
three turns before cement is applied—and then 
use the cement sparingly. 


REPAIR EQUIPMENT 

Each GMG must be familiar with the techniques 
and tools required to maintain, repair, and adjust 
ordnance equpment. He must be able to select 
the proper general purpose tools and special 
tools and know the safety rules applicable for their 
use. Repair equipment (tools) can be classified 
as follows: 

1. General purpose hand tools 

2. Power tools 

3. Measuring tools and gauges 

4. Torque tools 

5. Special tools 

HAND TOOLS 

General purpose hand tools are hand-powered 
and hand-operated. They are designed to perform 
mechanical operations. Examples of typical hand- 
tools are hammers, screwdrivers and saw. Gen¬ 
eral information about hand tools are explained 
in Basic Handtools, NavPers 10085-A. 

POWER TOOLS 

Power tools can either electrically or pneu¬ 
matically-powered and are hand-operated. They 
are designed to save time and manpower. Ex¬ 
amples of power tools used by the Gunner's 
Mate are soldering guns, electric drills and 
pneumatic grinders. 

MEASURING TOOLS 
AND GAUGES 

Measuring tools and gauges are used for 
measuring and for layout work. Accurate meas¬ 
urements are essential for proper fitting and 
trouble-free equipment operation. Measuring 
tools and gauges range from a simple ruler to a 
highly accurate micrometer. Basic Handtools 
gives a detailed discussion on all types of 
measuring tools and gauges which includes the 
common steel rules, calipers, micrometers, dial 
indicators, feeler gauges and depth gauges. When 
studying Basic Handtools pay particular attention 
to reading micrometers and how to make feeler- 
gauge readings. These two measuring tools are 


used for testing, checking, and adjusting many 
types of electrical, mechanical and hydraulic 
units used with ordnance equipment. 

TORQUE WRENCHES 

Torque wrenches are used when, for engin¬ 
eering reasons, a definite pressure must be 
applied to a nut or bolt. In such cases a torque 
wrench must be used. The torque wrench is a 
precision tool consisting of a torque-indicating 
handle and appropriate adapter or attachements. 
It is used to measure the amount of turning or 
twisting force applied to a nut, bolt or screw. 

The three most commonly used torque wrench¬ 
es are the deflecting beam, dial indicating and 
micrometer setting types (fig. 14-8). When using 
the deflecting beam and the dial indicating torque 
wrenches, the torque is shown on a dial or scale 
mounted on the handle of the wrench. 

To use the micrometer setting type, unlock the 
grip and adjust the handle to the desired setting on 
the micrometer type scale, then relock the grip. 
Install the required socket or adapter to the drive 
of the handle. Place the wrench on the nut or bolt 
and turn in a clock-wise direction with a smooth 
steady motion, (a fast or jerky motion will re¬ 
sult in an improperly torqued unit). When the 
torque applied reaches the torque valve indi¬ 
cated on the handle setting, the handle will 
automatically release or "break" and move 
freely for a short distance. The release and free 
travel is easily felt, so there is no doubt about 
when the torquing process is complete. 

SPECIAL TOOLS 

Special tools are used only for one purpose 
and only on one type of equipment. They, are 
supplied by NavOrd, and instructions for their 
proper use are provided in publications appli¬ 
cable to the specific type of equipment. 

NONSPARKING TOOLS 

Nonsparking tools are common handtools and 
special tools made from nonferrous metals, (metal 
not containing iron). these tools are used by the 
Gunner's Mate when working on or around ex¬ 
plosives. These tools are generally made from a 
copper alloy (bronze). However, they may be made 
from other nonsparking materials. Since these 
tools are made from a relatively soft material, 
care must be exercised when using them to pre¬ 
vent breakage or distraction of the tool. Non¬ 
sparking tools should be stowed in separate 
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tool boxes and should not be used as common 
handtools. 

RULES APPLICABLE TO 
REPAIR TOOLS BEFORE 
A JOB 

Before a job is started, all work procedures 
should be planned and the proper tools selected 
to complete the job. Tools not actually needed 
for a job should be properly stored in tool 
boxes or tool lockers. 

The quality and type of all tools shall conform 
with Navy standards. 

All tools in active use must be properly 
maintained. Defective tools may not be used. 

Portable electric and pneumatic tools must 
be kept in the best condition possible. These tools 
should be checked frequently by the tool-keepers' 
for defective switches, electric cords, control 
valves and hose connections. 

To increase leverage, extensions to tool hand¬ 
les may not be used. 

PRESSURE GAGES 

Pressure gages are used frequently in con¬ 
junction with ordnance equipment. Accurate pres¬ 
sures are necessary in order to obtain proper 


operation of hydraulic, pneumatic and nitrogen 
accumulator systems used in ordnance equip¬ 
ment. Pressure gages also are used with hydraulic 
test kits and magazine sprinkling systems. These 
gages are the means of accurately measuring 
pressures in pounds per square inch (psi). Pres¬ 
sure gages are used in weapon systems to meas¬ 
ure hydraulic fluid pressures (oil gage), maga¬ 
zine sprinkling systems pressure (water gage) 
counterrecoil system pressure (air gage) and 
accumulator systems pressure (nitrogen gage). 

The two most common types of gages used 
with ordnance equipment are the Bourdon and 
Schroder pressure gages. The theory of operation 
of these gages are explained in Fluid Power, Nav- 
Pers 16193-B. 

Following are some precautions to be ob¬ 
served when using pressure gages. 

1. Do not allow pressure to remain on gages 
that are permanently installed in hydraulic sys¬ 
tems. 

CAUTION: Never use an oil gage for testing 
air pressure, nor an air gage for testing oil pres¬ 
sure. A diesel action may occur! Diesel action is 
the ignition of oil by air, which causes combustion. 

2. Never use a gage on any system in which 
the maximum pres sure exceeds the maximum des¬ 
ignated range of the gage. 
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MAINTENANCE OF GUN BORES 
AND CHAMBERS 

Every gun used in the Navy has a bore and 
chamber. Taking care of them is one of the 
first duties of the Gunner's Mate G. 

Care of the bore and chamber is no one-a 
year or one-a-month matter. They must be 
cleaned, dried, and inspected before firing; then 
cleaned, inspected, and oiled after firing. When 
they aren't being used daily, they must be in¬ 
spected and oiled weekly. They must be gaged 
periodically, and the bore must be decoppered 
when necessary. 

Maintenance of the bore and chamber is an 
important job—not ordinarily a very difficult 
one, but one that must be done in the way and at 
the times required. In your basic training you 
learned the proper methods for caring for your 
rifle and pistol. Chapter 4 of this text told you 
how to care for other small arms weapons. 

Frequent reference has been made through¬ 
out the book of the need for keeping your guns 
cleaned and lubricated. 

TOOLS USED 

With the exception of one or two small-arms 
weapons, for which maintenance tools are usu¬ 
ally issued separately, every naval gun is equip¬ 
ped with certain’ basic maintenance tools and 
accessories. Lareger guns and mounts are, of 
course, equipped with more elaborate sets of 
tools, but all sets include as a minimum the im¬ 
plements that are required for care of the bore 
and chamber. 

Cleaning Gear 

The bore and chamber maintenance tools and 
accessories issued for the 5"/54 are typical of 
such implements. The bristle sponge, and the 
wire bore brush with the sectional handle and 
the lapping head, are the basic cleaning instru¬ 
ments. 

The sectional handle is a wooden rod with 
couplings at both ends that can be fitted either 
to similar couplings on other sections, or to 
bore maintenance tools like lapping heads, gages, 
etc. In the 5"/54 set, there are several of these 
sections supplied, so that by joining one to the 
other you can make a pole about 6 feet long. The 
number supplied with any gun makes accessible 
any part of the bore. 

The bristle sponge is a cylindrical brush used 
for cleaning the bore and chamber. It fits onto 


the end of the sectional handle. When stowed, it 
is covered with a canvas protecting cap. 

The lapping head is a cylindrical block on 
which can be mounted four removable spring- 
loaded segments. It is intended only for rela¬ 
tively slight constrictions. In stubborn cases 
you will need to use the wire bore brush. Its 
stiff steel wire bristles are effective in all but 
the very worst cases. Do not use the wire brush 
on chromium plating in barrels. 

The tompion is used to keep dirt out of the gun 
bore and chamber. It is not used when there 
is likelihood of condensation forming in the 
barrel with muzzle plugged. It is also not used 
in wartime, when there might not be time to 
remove it before firing. Sometimes plastic or 
canvas covers are used over the muzzle; the 
guns can fire through them if necessary (unless 
heavily ice-coated or if supersensitive nose 
fuses are used). 

Gages 

The bore plug gage is a metal cylinder ac¬ 
curately machined so that it just passes through 
the bore when the gun is new. Like other ac¬ 
cessories discussed in this section, the plug 
gage fits onto the end of the sectional handle. 

The bore erosion gage is used in the gun 
barrel to measure the amount of erosion of the 
metal caused by firing. 

Inspection Instruments 

Visual inspection of the bore and chamber 
both precedes and follows cleaning operatons. 
A light, of course, is very helpful in seeing in¬ 
adequately cleaned areas, pitted areas, rust or 
corrosion, deformed lands or rifling grooves, 
cracks, or other deviations. A bore searcher 
is used on 20-mm and larger guns. Look for 
corrosion at the muzzle end, caused by salt 
spray. 

If the chromium plating in the chamber of bore 
appears pitted, the gunnery officer will decide if it 
is bad enough to need replating. 

Use the bore plug gage to discover constric¬ 
tions in the gun bore. 

PREPARATION 
FOR FIRING 

To prepare the gun for firing, the bore and 
chamber must be inspected and cleaned. Re¬ 
moval of lubricant and muzzle cover or tompion 
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are the main operations in the preparation for 
firing. 

Removing the muzzle cover or tompion is 
easy. To clean out the bore, however, the lu¬ 
bricant coating must be wiped away. In small 
arms, as you remember, this is done with a 
cleaning rod and a patch. In larger guns, you 
use the sectional handle instead of a cleaning 
rod, and clean toweling wrapped around the 
bristle sponge in place of the patch. But the idea 
is exactly the same. 

These instructions apply to guns that have 
been in use and were given after-firing care 
when last used. If you are preparing a gun 
barrel that has been taken from storage, or if 
it is a new one, you have much more work to do. 
The preservative used on new or stored barrels 
must be removed with dry-cleaning solvent. 
When every bit of the preservative has been re¬ 
moved, all the solvent must be wiped out of the 
gun. (See OP 1208.) 

CAUTION: Observe ventilation and fire pre¬ 
caution rules when using dry-cleaning solvent. 
Remember also that solvent is dryhing and irri¬ 
tating to the skin and destructive to rubber and 
insulation. 

AFTER-FIRING CARE 

After-firing care is more elaborate than pre¬ 
firing care. Every time a gun is fired, some¬ 
thing besides the cartridge case is left behind. 
Deposits of corrosive salts (powder fouling) are 
left on the interior of the bore and chamber. 
As the rifling cuts into the projectile rotating 
band, some of the rotating band's metal is left 
behind as a deposit of copper in the bore (metal 
fouling or copper fouling). Both kinds of de¬ 
posits are harmful and must be removed. Pow¬ 
der fouling causes corrosion. Copper fouling 
causes narrowing or constriction of the bore. 
Constriction will cause poor performance of 
time fuzes and increase dispersion of projectiles. 

Steel constriction is most likely to occur in 
guns with steel liners. It it resists removal by 
lapping and polishing, you have a job for a re¬ 
pair installation. Steel constriction can cause the 
barrel to burst if the gun is fired without 
removing the constriction. It is not a deposit of 
metal like copper fouling, but is caused by 
shoulders of the liner overriding those of the 
tube, forcing the walls of the liner inward. 

The first problem in after-firing cleaning is 
the removal of powder fouling. Method 1 uses 
Rifle Bore Cleaner, MIL-C-372; Method 2 uses 
Soda Ash—water solution to dissolve the pro¬ 


pellant residues. Method 1 is used on small 
arms, 20-mm and 40-mm guns, and sometimes 
on 3"/50, 3"/70, and 5"/54 guns. It is the 
method to use where it is impractical to rinse 
with water, or where water would be difficult to 
remove from some areas or would cause dam¬ 
age, as' on electric wiring. Swab the bore and 
chamber with the bristle bore sponge or a patch 
saturated with Rifle Bore Cleaner. Then wipe 
out with Solvent, P-D-680, Type I. 

Method 2 for cleaning gun bores is used for 
larger guns, though rifle bore cleaner may be 
used. The large quantity of cleaner required 
makes the Soda Ash—water solution preferable 
from an economy standpoint. Make a solution 
with 1 pound of Soda Ash, O.S.-571, per gallon 
of hot water. Saturate the bristle bore sponge, 
and sponge out the bore and chamber. Follow 
with a rinse of fresh hot water. 

CAUTION: Keep soda ash solution off adja¬ 
cent mechanisms. It must not be used to clean 
aluminum or aluminum alloy parts or zinc-base 
die castings. 

After either cleaning method, dry the cham¬ 
ber and bore thoroughly with the bristle bore 
sponge wrapped in clean toweling. Be sure to 
get into all crevices; compressed air may be 
used for these. Then proceed with these steps: 

1. Gage the bore. If it tests OK, go on 
to step 3. If the bore gage does not pass freely, 
report it to your leading petty officer, or use 
the bore lapping head, depending on the stand¬ 
ard operating procedure in your division. 

2. After using the bore lapping head on 
the constriction, wipe out the bore and again try 
the bore gage. Repeat lapping if necessary, or 
use other methods of removing the constriction, 
as directed. When the bore gage passes, rinse 
out the bore and chamber with fresh hot water 
and dry thoroughly with the bristle bore sponge 
wrapped in clean toweling. IT IS FORBIDDEN 
TO FIRE THE GUN UNLESS THE BORE GAGE 
HAS BEEN PASSED. 

3. Apply a coating of the prescribed oil 
to the bore, using an oil-soaked cloth wrapped 
around the bristle bore sponge. 

4. Secure the gun and install the tompion 
or muzzle cover. 

When you inspect the bore after cleaning, 
you may see dark patches or rings called smoke 
rings discoloring parts of the bore. These are 
not serious. 

Areas adjacent to the breech should be cleaned 
of propellant residue by scrubbing or wiping 
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with the rile bore cleaner, then wiping with 
solvent, followed by thorough drying. 

Method 2 cleaning (Soda Ash—water solution) 
may also be used on unpainted surfaces of de¬ 
flector plates, shields, guide port shields, blast 
shields, launching rails, guides, and other com¬ 
ponents of rocket launchers, projectors, and 
missile launchers on which the use of this 
method is appropriate. Danger of getting water 
into complex equipments and wiring will deter¬ 
mine whether you can use this method on these 
equipments. It must not be used where the 
solution might be trapped in bolted or riveted 
assemblies or subassemblies. 

Weekly Maintenance 

Weekly maintenance is principally concerned 
with inspecting the bore and chamber to find 
signs of corrosion, and renewing the coating of 
oil. Decoppering and gaging may also be done 
at the time of weekly inspection, although they are 
usually a part of the before-and-after firing 
routine. Weekly maintenance is particularly im¬ 
portant during periods when the gun is not being 
fired every day. 

GAGING 

The plug gage, described earlier, is used with 
guns 3-inch and larger for detecting constriction 
of the bore. After the bore has been cleaned, 
attach the gage to the extended sectional handle 
and pass it carefully through the muzzle until 
it clears the chamber end. If it passes through 
smoothly, the bore is not constricted. 

If the bore has been constricted by copper 
fouling or distortion of its surface, the gage 
will not pass. The next step is to mark the part 
of the sectional handle that is flush with the 
muzzle end, in order to locate the constriction. 
Then draw out the. gage, remove it from the 
sectional handle, and attach the lapping head in 
its place. Push it into the gun bore up to the 
mark you placed on the handle, and rotate it in 
the constricted area. Use the cylindrical seg¬ 
ments for the lands and the rifled segments for 
the grooves. A mixture of pumice and oil may 
be used as an abrasive. Continue as in step 5, 
above, until the bore gage will pass freely. 

I NEVER try to force the gage through the bore; 

' it may stick, with damage to both bore and gage. 

On guns 8-inch and larger the plug gage is 
too massive to be conveniently managed with a 
sectional handle. Instead, it is drawn through 
the bore with line. 


The plug gage is the gage you will use most 
in maintenance of gun bores. But there are 
gages, too—headspace gages, breech bore gages, 
and star gages. 

Information about the types and uses of gages 
are covered in system OPs and ODs. 

Decoppering 

We have already described the use of lapping 
heads and a fine wire brush (0.003 inch wire) to 
remove copper deposits in gun barrels. If the 
constriction is not removed after a few trials 
with the lapping head, the decoppering head may 
be used. These are mechanical or abrasive 
methods. 

Firing decoppering shots is another method 
of removing copper deposits. (It may not be 
used for guns with liners.) Your chief will help 
you in preparing special decoppering rounds 
when the weapons officer thinks it advisable to 
use them. 

At the present time, powder charges for bag 
guns are no longer assembled with lead foil. If 
there is metallic lead in the propellant, there 
is much less copper fouling when the round is 
fired. However, the lead causes flash, and the 
more lead, the brighter the flash, which you 
don't want. To keep the flash to a minimum, 
the lead in most charges is kept to a minimum. 
Propelling charges now being manufactured con¬ 
tain lead salts for decoppering effect. Even¬ 
tually, every shot fired will be a decoppering 
shot. 

Another possible method of removing copper 
deposits from gun bores is with chemical solu¬ 
tions. However, these are not approved for use 
aboard ship, so this method will not be described 
here. It is given in OD 3000. 

Be sure to check that the bore is clear after 
any decoppering, especially after firing a de¬ 
coppering shot. 

Special decoppering rounds may be prepared 
aboard ships by adding lead foil to a standard 
propelling charge. When the decoppering round 
is fired the added lead foil vaporizes and a thin 
lead deposit settles on the surface of the guns 
rifling. This thin lead coating discourages any 
copper deposits from a projectiles rotating band 
from sticking to the gun rifling. A decoppering 
action will continue as long as vaporized lead 
is deposited whenever a gun is fired. 

Some calibers of star shells can be used as 
decoppering shots without adding lead foil to the 
propelling charge. These projectiles have a lead 
gasket between their base plug and projectile 
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body and when the gun is fired some of te lead 
gets squeezed out and has the same affect as 
adding lead to a propelling charge. 


SAFETY 

There are a few basic rules that you should 
keep in mind when using wrenches. They are: 

1. Always use a wrench that fits the nut 
properly. 

2. Keep wrenches clean and free from oil. 
Otherwise they may slip, resulting in possible 
serious injury to you or damage to the work. 

3. Do not increase the leverage of a wrench 
by placing a pipe over the handle. Increased 
leverage may damage the wrench or the work. 

4. Provide some sort of kit or case for all 
wrenches. Return them to it at the completion of 
each job. This saves time and trouble and facil¬ 
itates selection of tools for the next job. Most 
important, it eliminates the possibility of leaving 
them where they can cause injury or damage to 
men or equipment. 

5. Determine which way a nut whould be 
turned before trying to loosen it. Most nuts are 
turned counterclockwise for removal. This may 
seem obvious, but even experienced men have 
been observed straining at the wrench in the 
tightening direction when they wanted to loosen 
it. 

6. Learn to select your wrenches to fit the 
type of work you are doing. If you are not fa¬ 
miliar with these wrenches, make arrangements 
to visit a shop that has most of them and get 
acquanited. 

The following precautions should be observed 
when using torque wrenches: 

1. Do not use the torque wrench as a hammer. 

2. When using the micrometer setting type, 
do not move the setting handle below the lowest 
torque setting. However, it should be placed at 
its lowest setting prior to returning to storage. 

3. Do not use the torque wrench to apply 
greater amounts of torque than its rated ca¬ 
pacity. 

4. Do not use the torque wrench to break 
loose bolts which have been previously tight¬ 
ened. 

5. Never store a torque wrench in a toolbox 
or in an area where it may be damaged. 
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Figure 14-9. — Breech-closed index (5"/38 gun). 


SPECIAL SAFETY MARKINGS 

Index marks and safety lines are painted on 
or near ordnance equipment and are used by the 
GMG to indicate a complete mechanical function 
and to indicate safe areas. 

An example of the index mark is the breech- 
closed index painted on the gun housing (fig. 
14-9). The index mark shows at once whether 
the breechblock rises promptly to full breech- 
closed position, or is sluggish or sticks. The 
5"/38 also has index marks on the housing and 
slide, to indicate full return to battery and 
breech completely closed. These index marks 
tend to wear off, and require periodical fresh¬ 
ening up. Be careful not to get the paint on any 
other part of the sliding surfaces. 

Safety lines mark off safe working areas. 
Circular safety lines are painted on the deck 
around a gun mount to indicate the areas you 
should stay out of when the gun is being trained. 
"Blast area" lines are painted on the decks 
around rocket launchers to show how far away 
you must get to be safe from the hot rocket 
blasts. Similar safety lines are necessary to 
show safe working areas around overhead con¬ 
veyors and other machines that may be danger¬ 
ous to men who fail to keep away from working 
parts. 
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From our study of Military Requirements 
for PO 3/2, NavPers 10056-B, we learned about 
the Navy Maintenance and Material Management 
(3-M) System now being implemented in the 
fleet. 

This subject is not covered in detail in this 
publication. We only review some of the ob¬ 
jectives of the 3-M system and its subsystems, 
which include the planned maintenance sub¬ 
system (PMS) and the maintenance data col¬ 
lection subsystem (MDCS). 


THE 3-M SYSTEM 

This system is designed to (1), to reduce the 
complex maintenance requirements of shipboard 
equipment to simple procedures that are easily 
identified and managed; (2), define the type of 
maintenance required (preventive or corrective); 
(3), schedule and control its performance; (4), 
describe the methods and tools used; and (5), 
prevent or detect impending casualties. 

An effective 3-M system permits a ship to 
forecast and plan man-power and material needs, 
schedule maintenance, estimate and evaluate 
material readiness, and detect areas for im¬ 
proving training and maintenance techniques. 

3-M SUBSYSTEMS 

The 3-M system is a combination of five 
subsystems of which two are primary for ship¬ 
board personnel. These two subsystems are 
the planned maintenance and the maintenance 
data collection subsystems. These subsystems 
when used properly will: 

• Increase reliability. Equipment will suffer 
fewer breakdowns due to a detailed and orderly 
maintenance schedule. 

• Increase economy. Preventive maintenance 
saves the cost of casualties and expensive re¬ 
pairs. 


• Enable better planning. The 3-M system 
takes into account shipboard operations, upkeep, 
availabilities, and contingencies and facilities 
efficient and convenient programming of work. 

• Improve leadership. The system increases 
clarity and standardization of expected actions 
required. 

• Increase support. By providing feedback 
information, all elements which support the fleet 
will function better. 

The MDC subsystem reduces paperwork 
aboard ship superceding various currently used 
reports and forms. 

The planned maintenance subsystem uses the 
planned maintenance system manual, OPNAV 
43 PI, a cycle schedule, quarterly schedule, 
weekly schedule, and a set of maintenance re¬ 
quirement cards (MRC). 

Planned Maintenance Subsystem 

The maintenance requirement data are col¬ 
lected from the fleet, bureaus, equipment manu¬ 
facturers, and other sources for all weapon 
systems and their associated equipment. After 
the maintenance requirements for a given system 
have been determined, the necessary maintenance 
procedures are listed on standard MRC forms, 
and they are distributed to the fleet. Eventually, 
every ship will receive MRC 6 for every piece 
of ordnance equipment aboard ship. MR cards 
are explained in Military Requirements for PO 

3/2. 

Maintenance Data 
Collection Subsystem 

The maintenance data collection subsystem 
provides a means of recording maintenance 
actions (planned or corrective) and form suitable 
for machine processing; this permits evaluation 
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of equipment performance, repair parts used, 
delays incurred, reasons for the delays, and 
man-hours required to maintain the equipment. 

The planned maintenance system differs from 
the maintenance data collection system in that 
the PMS tells when, how, and by whom the 
maintenance is to be performed; the MDCS 
informs the collection center what was done, 
who repaired the equipment, how long it took, 
and what repair parts were required to accomp¬ 
lish it. 

REPORTS AND RECORDS 

The ordnance history cards and the ship¬ 
board 3-M system comprise the most important 
material records of the weapons department 
aboard ship. The weapons officer is responsible 
for maintaining these records in an up-to-date 
and useful manner. 

The retained copies of the 3-M system sched¬ 
ules now are the principle sources of maintenance 
information on new construction. On older vessels, 
in addition to the retained copies of the 3-M 
schedules, material history is maintained on 
ordnance history cards. How maintenance history 
records are maintained depends on the type ship 
and how much change over from old type main¬ 
tenance system to the 3-M system has been 
accomplished. Many of the former sources of 
maintenance history are replaced by the 3-M 
system. Various logs are also used in the 
weapons department for maintenance history 
information. 

Ordnance History Cards 

An ordnance history card contains the current 
history of each piece on board. Any information 
considered necessary in compiling a compre¬ 
hensive history (major repairs, ordalts accomp¬ 
lished, field changed made, etc.) is included on 
these cards. These history cards are retained 
as long as the equipment remains on board, 
even if the vessel is placed out of service. In 
the event that a unit of equipment is transferred, 
the history card should accompany it. 

A complete material history of an ordnance 
unit is important in determining maintenance, 
operational practices, safely precautions, and 
equipment capability. These cards can also be 
used as inventory records and should be grouped 
in a binder so that all cards for a given piece 
of ordnance, a gun mount for example, are lo¬ 
cated together for easy ordnance inventories. 
Information can be obtained for these cards from 


battery logs, smooth logs and a visual inspection 
of the equipment. 

LOGS 

The type commanders administrative inspec¬ 
tion check off list determines the minimum 
requirements for logkeeping on your ship. It 
is expected that with the advent of the 3—M 
system the number of logs to be kept will be 
drastically reduced. However, because the docu¬ 
mentation under the 3-M system does not give 
adequate life history of specific equipment, many 
rough and smooth logs are still required. Aboard 
a destroyer, for example, the weapons officer 
could require a minimum of four types of logs 
as follows: 

1. Battery log (rough log) 

2. Weapon system log (smooth log) 

3. Small arms log 

4. Magazine log 

Battery logs (rough logs) are handwritten 
entires in a notebook type ledger, containing 
such information as: 

• tests 

• routine maintenance not covered 

• work schedules 

• boresight and tram readings 

• rounds fired 

This ledger is used as a source of infor¬ 
mation for each mount, turret, rocket launcher 
or missile launcher containing the Mk, Mod, 
serial number etc. of all the major components 
of a system. There is no prescribed form for 
making entries except those set up by your 
weapons officer. Log entries should be neat, 
clearly dated, and arranged in orderly sequence 
so that the reader (weapons officer) can see 
where each entry begins and ends. 

Weapons System Log 

A weapon system log (smooth log) contains 
sections devoted to ordnance equipment by battery 
or by system. Data included are: 

1. System battery alignment 

2. Star gage data 

3. Erosion data 

4. Rounds fired for each gun barrel (listed 
by serial number) of each gun system 
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5. The type of projectile and powder charge 
used 

6. The powder index number and a record 
of ESR (Equivalent Service Rounds) 

7. Bench mark readings 

8. Train and elevation position readings 

9. Roller path readings 

10. Boresight data 

Most smooth logs use a standard format for 
each type of entry. 

Small Arms Log 

The small arms log should show all per¬ 
tinent information on all small arms aboard 
ship. It should list the weapons by serial number 
and type. Log entries should include any repairs, 
modifications, and types of casualties to each 
weapon, results of small arms inventories, and 
the location of each weapon. 

Magazine Log 

The magazine log should show the quantities 
of ammunition stored in each magazine and 
handling room. Ammunition should be identified 
by types, marks, and mods of all its components 
(primers, fuzes, etc.), and the lot and index 
numbers of all projectiles and propelling charges. 
It should also show the results of all tests and 
inspections of ammunition, sprinkler system 
tests, daily magazine inspections and daily temp¬ 
erature readings. 

The weapons officer also maintains a smooth 
ammunition ledger, an accounting system for 
ammunition, in which are recorded all receipts 
and expenditures as they occur. 


SOURCES OF MAINTENANCE 
INFORMATION 

It would be impractical to try to squeeze 
into this chapter the many details you must 
know in order to perform maintenance, trouble¬ 
shooting, disassembly, and reassembly to ord¬ 
nance equipment assigned to you. Since there are 
many different marks and mods of equipment 
performing the same function but having different 
working parts, the Naval Ordnance System Com¬ 
mand prints a publication requirement list for 
every active duty ship now in service. This list 
is based on the major units installed and lists 
all the OPs, ODs, FMs and TMs needed for 
repair, maintenance, test and operation of the 


ordnance equipment. Copies of all the publications 
listed in these ODs are furnished to the vessel 
as part of the original commissioning allowance. 
If additional copies are required they can be 
ordered through the appropriate supply point. 
(Refer to OP-O). 

OP-O 

The current edition of the Index of Naval 
Ordnance System Command Ordnance Publica¬ 
tions (OP-0), thirty-seventh revision dated 15 
Jan. 1969, lists by number and subject all the 
ordnance publications (OPs) and ordnance data 
(ODs) used in the Navy and also lists the 
addresses from which they may be obtained. 

The OP-O also lists all current revisions, 
changes, and suppliements to OPs and ODs as 
well as those under preparation, cancelled, ob¬ 
solete and those for special projects. 

ORDNANCE PUBLICATIONS 

Ordnance publications (OPs) are used by the 
operating forces and contain descriptions of 
ordnance equipment and their component parts; 
instructions on how to operate, maintain, dis¬ 
assemble, reassemble, test, and adjust the equip¬ 
ment. All OPs have a section on safety instructions 
both for operating the equipment as well as 
general and specific safety orders when trouble¬ 
shooting. The OPs are written either by equipment 
manufacturers or by a section of the Naval 
Ordnance System Command. Any changes to the 
original OPs are issued by this Command. 
Changes issued to the fleet are numbered and 
a record of all changes are listed on a change 
record sheet posted in the front of every OP. 
The information on these sheets include the 
change number, the date the change was made, 
the title or brief description of the change, the 
signature of the person making the change, and 
the signature of a validating officer. 

ORDNANCE DATA 

An ordnance data (OD) publication provides 
engineering and provisioning information not 
appropriate to any equipment OP. The ODs are 
used as a source of information for factory 
acceptance tests, ordnance equipment lists, ships 
publication lists, operators handbooks, and mis¬ 
cellaneous information on ordnance equipment and 
material. ODs are similar to OPs in standards 
for page formats, general and graphic art but 
are not used as substitutes for OPs. Changes 
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to ODs are made in the same way as those to 
OPs. 

Revisions 

Revisions are made to OPs and ODs when the 
original publication becomes obsolete, due to 
many design changes to the equipment. Revisions 
are numbered and the latest revision supersedes 
the previous one. When revisions of OPs are 
made available, be sure you check the new OP 
for the purpose of the revision. In some cases, a 
revision may replace other OPs or ODs and their 
supplements. A statement in the front of each 
revised OP or OD states which publications are 
made obsolete by the revision. 

Changes 

Changes may consist of pen and ink changes, 
complete page changes, or changes to drawings 
and sketches. Changes are made to OPs and ODs 
after Ordalts have been completed or when errors 
and inaccuracies are found in a publication. 

Supplements 

A supplement is an addition to an OP or OD 
which reflects changes to equipment or its op¬ 
eration made since the OP or OD was published. 
The original publications are still used; the 
supplements describe only the differences between 
the major assemblies, or the difference between 
the MKs and Mods of gun mounts, turrets, missile 
launchers and rocket launchers. 

Supplementary Sources 

At times during the course of your work you 
may require information not covered in OPs 
or ODs. Where you find this information depends 
upon the type of ordnance equipment you are 
working with. If you are working with demolition 
equipment. Explosive Ordnance Demolition Bul¬ 
letin (EODB) could help you. Other types of 
publications are Special Weapons Publications 
(SWOP), NavOrd Instructions and Notices for 
general policy matters, and such other publi¬ 
cations as ORDALT-00, which supplies infor¬ 
mation on all ORDALTS for aircraft, shore sta¬ 
tions, and all classes of vessels. 

The Army prepares several publications that 
also applicable to Navy ordnance. These include 
field manuals (FMs), technical manuals (TMs), 
technical bulletins (TBs), and joint publications 
of the Army, Navy and Marine Corps. These 


publications are listed in The Index of Military 
Publications Army Pamphlets No. 310-3 and 
310-4 or Marine Corps publications SL 1-3. 


ORDNANCE DRAWINGS 

To do any kind of maintenance work on your 
equipment, you've got to know it well. One way 
to learn about it is to study the hardward itself. 
It's a good way, too, and there's really no sub¬ 
stitute for it. But you'll learn faster, and you'll 
learn more, by algo using certain source ma¬ 
terials. This course textbook is such a source; 
so are the OPs and ODs and other publications. 
But there's one other kind of source material 
for this information. In many ways, they are 
the most vulnerable—ordnance drawings. 

All manufacturers of ordnance equipment make 
drawings of all ordnance equipment that they 
manufacture. Copies of these drawings, repro¬ 
duced by blueprinting, the xerox process, or in 
some other way are supplied to every naval 
ship or installation that has the equipment or 
for some other reason requires copies of prints 
of the drawings. Many drawings are also re¬ 
produced in OPs and other technical manuals. 
Many of the drawings you'll see are made by 
NavOrd, but many others are made by the con¬ 
tractors who manufacture the equipment for 
NavOrd. 

TYPES OF DRAWINGS 

Drawings differ, depending on their purposes. 
The main types of drawings, as classified accord¬ 
ing to purpose by NavOrd, are: 

1. General arrangement drawings. This kind 
of drawing shows the complete equipment, as¬ 
sembled. It indicates general appearance and 
relationships of important component assemblies, 
and identifies the drawings that describe the 
components of the equipment. 

2. Installation drawings. These show such 
features as mounting pads and brackets, shock 
mounts, points for entrance of cabling and mating 
mechanical parts, type of cable required, di¬ 
mensions of mounting hardware needed, and 
directions for how to orient the equipment and 
secure it to its place on bulkhead or deck. One 
variety of this type of drawing, called an outline 
drawing, shows overall dimensions and clearances 
required for operating and servicing equipment. 

3. Assembly and subassembly drawings. 
These show the constuctional details of the 
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assemblies of which the complete equipment is 
made up. In general, you can think of an as¬ 
sembly (or subassembly) as any group of two 
or more parts assembled to make up a unit. 
An assembly drawing is intended to enable a 
properly equipped shop to make up the finished 
assembly from the prescribed parts and as¬ 
sembly and finishing materials. 

4. Detail drawings. When you disassemble 
any piece of equipment far enough, you even¬ 
tually get down to individual pieces that cannot 
be disassembled any further. These are rep¬ 
resented by detail drawings, which give all the 
information that a properly equipped shop will 
need to make the piece exactly as required. 

5. Wiring drawings. The main purpose of a 
wiring drawing or diagram is obvious from its 
name—it shows you how to wire a piece of 
equipment, or a system. There are several 
varieties of wiring diagrams. 

An external wiring diagram shows how to 
connect an item of equipment to the ship's wir¬ 
ing system or to other pieces of equipment. It 
shows terminal boards, binding posts, plugs, 
jacks, and other connection points and devices, 
and identified them by letters and numbers. 
Lines denote the electrical conductors to be in¬ 
stalled. The drawing shows the size and type 
of wire to be used; the kind of insulation, 
shielding, duct work, and armoring specified, 
as applicable; lengths needed; where ground 
connections are to be made; where joints must 
be soldered, welded, or clipped; and so on. 
And it specifies the kind of current (d.c. or a.c„ 
and frequency) and voltage for each conductor. 

An internal wiring diagram does the same 
for wiring inside an equipment. It also identi¬ 
fies and shows where the fuses are, the size 
and type to be used, and their circuits. It 
locates, and identifies with standard symbols, 
all lamps, motors, synchros, resistors, capac¬ 
itors, transformers, chokes, switches, relays, 
and all other electrical components in the equip¬ 
ment, and gives their electrical values, as 
applicable. It identifies all the terminals and 
connection points. This is one of the most 
useful kinds of drawing for electrical main¬ 
tenance and troubleshooting. 

An elementary wiring diagram is about half¬ 
way between the diagrams we've just discussed 
and the schematic to be taken up shortly. It 
shows terminal and connection points, com¬ 
ponent locations and values, and so on, but it 
also is arranged so that it's much easier to 
follow and understand the circuit than with the 
usual wiring diagram. But note that the ele¬ 


mentary, like the pure schematic, has little 
respect for the actual sizes and shapes of parts 
or equipment, or for their physical location or 
orientation. The traceability of the circuit is 
a much more important consideration. 

6. Schematic drawings. About the only gen¬ 
eral statement you can make about schematic 
drawings or diagrams is that their primary 
purpose is to help the user understand the 
functioning of the equipment. Electrical sche¬ 
matics of hydraulic systems, pneumatic systems, 
and even such things (though you're not likely 
to have to use them) as the flow of papers being 
processed through an office. Schematics often 
have very little to do with the actual physical 
appearance of construction of the equipment 
diagrammed. 

7. Lubrication drawings. A lubrication draw¬ 
ing or chart for naval equipment is often a 
general arrangement drawing, or a group of 
them showing several views, in which lubrica¬ 
tion fittings and other points are called out by 
labels. The OP on every equipment normally 
has a lube chart in its appendix. 

8. Tool drawings. Special tools such as span¬ 
ner wrenches for specific marks and mods of 
guns, or such special tools as extractor trip 
devices for 5"/38 mounts are described in 
drawings—usually assembly or detail type. Such 
tools are always listed in the OP. 

9. Lists of drawings (LD's). A List of Draw¬ 
ings, as mentioned above, is considered by 
NavOrd to be a variety of sketch. In itself, this 
detail of classification isn’t especially important 
in your job, but it's worth remembering that an 
LD looks like and is treated like a kind of en¬ 
gineering drawing rather than like a publication. 

LD's are in a sense the key to the drawing 
system used by NavOrd. Beginning at the top 
of the system, a master list of drawings or 
master LD is prepared for each major ord¬ 
nance equipment (such as a gun mount or tur¬ 
ret). This list includes all components of the 
equipment concerned. Each component is item¬ 
ized by assemblies, subassemblies, and details 
on a separate LD. 

The identifying number for each component 
LD is given, together with the general arrange¬ 
ment drawing number, on the master list of 
drawings for the equipment. Each component 
list of drawings also shows the special tools 
required for servicing that component. By ref¬ 
erence to the list of drawings and the drawings 
for the mark and mod of a given assembly or 
subassembly, it is possible to work down to an 
individual part and to identify the correct nom- 
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enclature, drawing, piece number, design di¬ 
mensions, tolerances, and all other necessary 
information. 

How You Use Drawings 

When we refer to a "drawing” or "engineer¬ 
ing drawing" without qualification, we usually 
refer to an assembly, subassembly, or detail 
drawing. Such drawings, as we have seen, ex¬ 
plain how to manufacture some part or assembly. 
And they are also valuable guides for you in 
overhauling and repairing equipment. These draw¬ 
ings are valuable not only because they show how 
parts fit (though this is very important itself), 
but also because they describe and enumerate 
the fastening hardware you need to put the as¬ 
sembly together (including the proper bolts, nuts, 
patent fasteners, pins, and so on). They also show 
the minor but essential parts that the assembly 
must have so that it will continue to function as 
the designer intended it to. A watertight en¬ 
closure will leak if it hasn't the exact gasket 
called for in the drawing; screws may loosen 
if they haven't been assembled with the lock 
washers specified in the drawing; and nuts will 
work free if they haven’t been secured with the 
cotter pins listed in the drawing. 

The other types of drawings are equally val¬ 
uable. General arrangement drawings are good 
references for the exact nomenclature of major 
units and as guides to drawings on component 
assemblies. Installation and outline drawings 
contain just the information on clearances and 
dimensions that ship's personnel require when a 
new piece of equipment is to be installed, and 
they show how to arrange the piping and wiring 
to be connected to it. External wiring diagrams 
show just how to hook equipment into the ship's 
wiring; after installation, they help in trouble¬ 
shooting for faulty circuits and malfunctioning 
components, and in electrical alignment of syn¬ 
chros and other data transmission devices. In¬ 
ternal wiring diagrams are equally valuable for 
making circuit checks in case of trouble in the 
equipment. Elementaries are helpful in training 
personnel, and can be used in checking circuits. 
And LD's are valuable guides in tracking down the 
particular piece of information you may be looking 
for. 

Every ship carries copies of drawings on its 
equipment, in the form of blueprints and photo¬ 
prints. These copies are assembled into sets, 
each set covering one item. Photoprints are 
usually bound in books. Aboard ship, both blue¬ 


prints and photoprints are called "ordnance 
drawings." 

These drawings are available to you either 
in a special file in the repair shop or in the 
custody of your department head. Make use of 
them; they'll help you to become familiar with 
the ordnance you will overhaul. (Remember to 
treat confidential drawings as you would any 
other confidential publication.) 

Down in the lower right-hand corner of each 
drawing you'll find a "drawing number." On each 
detail pictured in the drawing, you'll find another 
smaller number. These are the "piece num¬ 
bers." These numbers identify both the hard¬ 
ware and the drawing. Sometimes you'll find a 
letter after the piece number showing many 
times that piece has been changed or modified 
since the original design. 

Every part of every ordnance device (unless 
it's very small) has a part number stamped on it. 
The first number is the drawing number; the 
second is the piece number. For example, you'll 
find numbers like 120460-2. Read that, "drawing 
number 120460, piece number 2." 

Look for these numbers, and use them. 
Refer to them when you report on a particular 
piece, or when you order new parts. 

IPB 

An IPB is an ordnance publication usually 
in the form of an OP which describes and il¬ 
lustrates all components used in ordnance equip¬ 
ment. An IPB is broken down into sections which 
identify component parts by major assemblies, 
subassemblies, and detailed parts. All illustra¬ 
tions in these publications have figure and index 
numbers for proper repair part identification. 
The figure number represents a unit, the index 
number identified just one part of that unit. 
Each unit has an identifying number and accomp¬ 
anying each number are the name and description 
of the part it represents. There are many index 
numbers within a unit—as many as 500 separate 
parts. When an FSM can not be found for a part, 
an IPB will furnish the supply department infor¬ 
mation which can help identify the part. An 
example of information obtained from an IPB is 
as follows: IPB number OP-1764-IPB vol. 3, 
figure number 11, index number 32, identifying 
number 177004-116, name and description, screw, 
slotted, filed. No. 6-32 by 3/8 in., quantity used in 
assembly 2. 

Some IPBs have a cross reference section 
which converts the identifying number to a part 
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Figure 15-1A.—Schematics, and Graphic Symbols. 
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Figure 15-1B.—Graphic Symbols—Continued. 
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number or FS number. These cross references 
are not the latest FSN; the appropriate section 
of the COSAL should list all the latest FS num¬ 
bers. An index of IPBs is listed in OP-O. 

HYDRAULIC DIAGRAMS 

Hydraulic symbols are used throughout the 
world in design, operation and maintenance of 
fluid power systems. A thorough knowledge of 
hydraulic symbols will enable you to read and 
understand hydraulic circuit diagrams and other 
drawings of hydraulic circuits. 

Hydraulics today has many and varied appli¬ 
cations; therefore, a standardized set of symbols 
was agreed upon at a joint industrial conference 
of industry leaders. This conference recommend¬ 
ed a system of designating symbols that all 
commercial manufacturers are presently using. 
These symbols for fluid power diagrams are list¬ 
ed in MIL-STD 17-B-l. 

Graphic symbols (fig. 15-1) provide clear- 
cut circuit information, and well-prepared cir¬ 
cuit diagrams show every part of a hydraulic 
circuit clearly. Symbols are available for most 
commercial components. 

Hydraulic symbols show connections, flow 
paths, and function of the component represented. 
Symbols do not indicate location of ports, di¬ 
rection of spool movement, or position of control 
elements. 

Hydraulic symbols may be rotated or re¬ 
versed without altering their meaning, except 
in the case of vented lines and lines to the 
reservoir, where the symbol must indie ate wheth¬ 
er the pipe terminates above or below the fluid 
level. 

Line width does not alter the meaning of 
symbols. A symbol may be drawn any suit¬ 
able size, and size may be varied for empha¬ 
sis or clarity. 

Letter combinations used as parts of graph¬ 
ical symbols are not necessarily abbreviations. 
These combinations may be memorized. 

Where flow lines cross, a loop is used except 
within a symbol envelope. In multiple-envelope 
symbols, the flow condition shown nearest a 
control symbol takes place when that control 
is actuated. Each symbol is drawn to show the 
normal or neutral condition of a component, 
unless multiple-circuit diagrams are furnished 
showing various phases of circuit operation. 

Arrows within the symbol envelopes show 
the direction of fluid flow. Double-ended arrows 
indicate reversing flow. 


External ports are located where flow lines 
connect to the basic symbol, except where a 
component enclosure is used. When the enclosure 
symbol is used, external ports are at the inter¬ 
sections of flow lines and the component en¬ 
closure symbol. 

The basic symbol for a pump is a circle. 
Lines connected to the circle represent pipes 
or lines connected to the pump. Rotating shafts 
in pumps are indicated by curved arrows on 
the side of the shaft nearest the viewer. Shafts 
may be shown to rotate in one or both directions. 
Pump controls are indicated by a rectangular 
box attached to the pump enclosure, with the means 
of controUing the pump printed inside the box. 
Letters shown in the pump envelope denote pump 
characteristics. 

The basic symbol for a fluid motor is a 
circle, with an abbreviation inside the circle 
to indicate the type of motor. There are also 
symbols to show connected pipes, shaft rotation, 
and controls, when applicable. 

The basic symbol for a hydraulic valve is 
a rectangle, sometimes called the valve envelope. 
As in pumps and motors the envelope represents 
the valve enclosure or body. Lines within the en¬ 
velope show flow directions between the valve 
inlet and outlet openings. Single-envelope sym¬ 
bols are used when only one flow path exists 
through the valve. Flow lines within the envelope 
indicate static conditions when the actuating signal 
is not applied. 

Multiple-envelope symbols are used when 
more than one flow path exists through the valve. 
The envelopes can be visualized as being moved 
to show how flow paths change when the valve 
element in an envelope is shifted to its various 
positions. 

Multiple-envelope valves consist of an en¬ 
velope for each operating position, internal flow 
paths for each valve position, and external ports 
at the normal or neutral valve position. 

A component enclosure may surround a sym¬ 
bol or group of symbols to represent an as¬ 
sembly. It is also used to convey more infor¬ 
mation about component connections and functions. 
The enclosure indicates the limits of the com¬ 
ponent or assembly. External ports are assumed 
to be on the enclosure line and indicate con¬ 
nections to the components. Flow lines may 
cross the enclosure line without loops or dots. 

There are five major types of hydraulic 
diagrams: graphical diagram, circuit diagram, 
cutaway diagram, pictorial diagram, and com¬ 
bination diagram. 
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LEGEND 

CARRIAGE RETURN CYLINDER 
VALVE 

CARRIAGE RETURN SOLENOID VALVE 
ACCUMULATOR 
PRESSURE GAGE (2000 PSD 
ONE WAY CHECK VALVE 
HYDRAULIC PUMP 
ELECTRIC MOTOR ( 1-1/2 HP) 
PRESSURE SWITCH (N.C.) 

STRN HYDRAULIC FLUID STRAINER 


84.116 

Figure 15-2.-Carriage Return Hydraulic Fluid Flow Diagram. 


A graphical diagram shows each piece of 
hydraulic gear, including pipe connections, and 
uses approved symbols. It also shows the fun¬ 
ction and control of each component. 

A circuit diagram uses approved symbols 
to show each piece of hydraulic gear and pipe 
connections. In addition it contains a component 
list, pipe size, and data on the sequence of op¬ 
eration. The title box contains the drawing 
number, title draftsman's name, and other in¬ 
formation. The circuit diagram also gives com¬ 
plete information for assembly, testing, and op¬ 
eration. 

A cutaway diagram shows the principal in¬ 
ternal working parts of all hydraulic components 
in the circuit; it also shows controls and actuating 
devices, piping, and the function of each inde¬ 
pendent component. 

A pictorial diagram shows each hydraulic 
component in its actual shape (according to 
the manufacturer's drawing), all piping, and 
general arrangement of all piping. 


A combination diagram uses combinations 
of graphical, cutaway, and pictorial symbols. 
Interconnecting piping is also shown. 

Figure 15-2 illustrates how JIC (joint in¬ 
dustrial conference) symbols are used in a hy¬ 
draulic flow diagram. There are many other 
varied applications of other types of symbols 
used in OPs printed before the current standards 
become effective. Each OP or OD should explain 
the purpose and function of each symbol used in 
a hydraulic or mechanical drawing. Blueprint 
Reading and Sketching, NavPers 10077-C Fluid 
Power 16193-B, MIL-STD-12C (abbreviations 
for drawings) and MIL-M-38784 (Technical Man¬ 
ual Preparation) gives some elementary infor¬ 
mation on the theoretical background of drafting, 
on how to read drawings of all types, how to 
sketch, what type of information is found in a 
title box of blueprints and schematics, and 
additional information on symbols used in elec¬ 
trical, electronic, and pneumatic sketches, blue¬ 
prints, schematics, block diagrams, and mech¬ 
anical drawings. 
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PART NUMBERS 

When ordnance parts are identified through 
the use of Illustrated Parts Breakdown (IPB), 
ordnance drawings or from part or manufacturers 
numbers stamped on the parts a Federal Stock 
number (FSN) for each part is required before 
the parts can be requisitioned. These numbers 
(FSN) are listed in the Coordinated Shipboard 
Allowance List (COSAL) which has a cross ref¬ 
erence section that converts a part number to a 
FS number. 

The COSAL establishes the shipboard allow¬ 
ance for installed and portable equipment, equip- 
page and supporting material. Each COSAL is 
prepared for an individual ship and enables that 
ship to have a maximum self-supporting capa¬ 
bility for an extended period of time. 

Ships are issued a separate COSAL for each 
category of material. The index to all COSALs 
is issued by the Naval Supply System Command 
(formerly BuSanda). Normally, one copy of the 
ordnance COSAL is kept by the supply depart¬ 
ment and one copy by the weapons department. 

If an FSN for a part cannot be found, the part 
can be requisitioned by the drawing and piece 
number and any other identification such as the 
equipment's MK and MOD, the manufacturer's 
name, the amperage and voltage rating, the name 
of electrical parts, and the serial number of the 
major unit from which the part was removed. 
Additional information about a part can also be 
obtained from equipment IPBs. 

For the proper supply procedures for req¬ 
uisitioning repair parts and standard stock items 
refer to the effective edition of Military Re¬ 
quirements For PO 3/2, NavPers 10056. 


BATTERY ALIGNMENT 

As you already know, the bore of the gun is 
the first part of the projectile's trajectory. 
Whether the projectile hits its target depends 
in part on how the gun is aimed. 

Aiming, in turn, depends on the sights and on 
the rest of the fire-control equipment. Today's 
Navy uses the best guns and the best sighting 
and fire-control equipment. But guns plus sighting 
and fire-control equipment are no guaranty of 
accurate fire —unless they are lined up to work 
together. 

The process of lining up the guns (or the rocket 
launchers and projectors) of a battery with the 
sighting and fire control equipment that directs 
its fire is called battery alignment. It's a big and 


important job calling for the cooperation of 
Gunner's Mates and Fire Control Technicians. 

The complete gun battery alignment job is 
complex, involving not only the gun mounts and 
turrets but the director, computer, fire-control 
radar, and data transmission. The best general 
reference on battery alignment is OP762. In this 
course we're mainly concerned with two phases 
of battery alignment—boresighting and tramming. 
We take up boresighting first. 

BORESIGHTING 

Boresighting is the procedure used for ad¬ 
justing gun sights so that at zero deflection and 
sight angle the lines of sight through the gun 
sights will either be parallel to the axis of the 
bore, or will intersect the bore axis at a 
specified range. 

The gun sight lines of sight and the axis of 
the bore of a gun can intersect at only one 
point. Thus a gun can be boresighted with per¬ 
fect accuracy at only one range. The sights 
will be in error at other ranges. To minimize 
this error, weapons of relatively short range, 
like machineguns, are boresighted at the rnge 
for which the weapon is best adapted —the MEAN 
BATTLE RANGE. You will find, therefore, 
that 20-mm guns, for example, are boresighted 
so that at zero deflection and sight angle, the 
lines of sight through the sights and the axis 
of the bore converge at about 1,000 yards. 


84.281 

Figure 15-3. —Boresighting on a Distant Target. 
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Guns 5-inch and larger have mean battle 
ranges of several miles. Their sight telescopes, 
however, are located only a few inches or at 
most a couple of feet from the gun barrel. 
The result is that at such ranges the lines of 
sight through the sights and the axis of the bore 
converge very little — so little that they can be 
considered parallel, for all practical purposes. 
Such guns are therefore often boresighted either 
"at infinity" (which mens that the target is 
considered to be an immeasurable distance away) 
or at very distant targets —distant enough so 
that their exact range is unimportant. A star 
or other heavenly body is at "infinite" distance 
for boresighting; a ship or landmark near or on 
the horizon is also distant enough to be a suitable 
bore sighting target. 

Boresighting On 
Distant Target 

In figure 15-3 you can see how the basic 
method of distant-target boresighting works. 
Here; the target at which the lines of sight and 
the axis of the bore intersect is a distant light¬ 
house. The target could as well be some other 
distant but clearly defined landmark, or a heaven¬ 
ly body like the sun or a star. Or it could be set 
up at the prescribed "mean battle range." The 
boresighting procedure is the same. 

The weapons officer or one of his ranking 
assistants will decide on the exact range and 
target to be used in boresighting. Boresighting 
procedure varies in detail from one gun to the 
next, but its fundamental steps are: 

1. Establish the axis of the bore. 

2. Check for and eliminate lost motion and 
looseness in the sight mechanism. 

3. Sight the axis of the bore so that it is 
aimed at a specific target set at the pre¬ 
scribed distance (either "infinity" or the 
battle range). 

4. Set sight angle and deflection at zero. 

5. Sight through the telescopes at the target, 
and adjust the telescopes without disturbing 
the dial settings. 

6. Check the work. 

That, as far as fundamentals are concerned, 
is all there is to the basic method of boresight¬ 
ing. In practice, though fundamentals are the 
same all the time, there are some complicating 
details. 

The most important of these is concerned 
with the first step — establishing the axis of the 


bore. You don't just open the breech and squint 
through. Since this is a precision operation, 
you must use a precision optical instrument— 
the boresight telescope. We'll go into further 
detail on boresight equipment later in this chap¬ 
ter. First let's briefly consider a method of 
bore sighting somewhat different from the basic 
distant-target method most often used. 

Boresighting With 
Batten Board 

Boresighting can be done by use of a batten 
board. A batten board is a flat (usually wood) 
panel on which target markings are tacked or 
painted. The batten can be set up on the ship's 
deck, or it can be attached to the gun muzzle. 
Batten boards are used generally when the ship 
is in drydock or under construction. Their main 
advantage over distant-target boresighting is 
that they can be used to check on the accuracy 
of sight mechanisms at more than a single sight 
angle or deflection setting. Boresighting on a 
distant target checks sight accuracy only at 
zero sight angle (2,000 on most sight angle 
dials) and zero deflection angle (500 on most 
deflection dials). Batten boards also can be used 
where limited visibility makes distant-target 
bore sighting impracticable. 

Batten board boresighting can be done in 
two ways. Each has its own special uses. One 
method is to set up the batten board on its own 
support, with target markings painted on it or 
attached to it. In figure 15-4 we see such a 
set-up for a 5"/38 open mount. The exact 
dimensions for the target pattern are shown at 
the left. The targets are spaced to correspond 
with the spacing of the telescope lines of sight 
and the gun bore axis, with sights at zero sight 
angle and deflection. Three plumb bobs are 
suspended in front of the targets. (The bobs 
are immersed in water in the buckets; this 
quickly damps out any tendency to vibrate.) 
The lines are long enough to accommodate a 
gun elevation of at least 30°. The lines and 
batten are set up about 70 feet from the mount. 
Then the mount's roller path must be made 
horizontal, and finally the mount is trained and 
elevated and sight cross-hair movement is ob¬ 
served to see how well it coincides with the 
lines on the batten. The procedure (here given 
only in brief summary) is elaborate and pain¬ 
staking, and because of the requirement that 
the roller path be horizontal, you're not likely 
to have to do it aboard ship. This method's 
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Figure 15-4.-Boresighting With Separate Batten Board. 
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Figure 15-5. —Boresighting With Chase-mounted Batten Board. 
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BORESIGHT TELESCOPE 



84.284 

Figure 15-6.—Breech-bar Boresight Installed 
In Bag-type Gun (8-inch). 


main purpose is to establish the accuracy of 
gun movement in train and elevation. 

Another variety of batten board is used for 
verifying the accuracy of sight movement in 
elevation and train. This batten is a frame 
carefully aligned and secured to the chase of 
the gun. Figure 15-5 shows the set-up for a 
Mk 39 5-inch mount. The principle of this 
boresighting procedure is to plot targets and 
line-of-sight traces vertically and horizontally 
on the board, then to check the accuracy with 
which the sights follow the traces by cranking 
them vertically and horizontally and watching 
the crosshairs. The batten can also be used 
to check for lost motion. However, unlike the 
separate batten board method, the chase-mount¬ 
ed batten boresighting procedure can be per¬ 
formed aboard ship. 

Both batten board boresighting methods are 
relatively rare, and we won’t go into the de¬ 
tailed procedures here. (See the OP on the gun 
mount if you are called upon to boresight with 
a chase-mounted batten.) But you are expected 
to know how to boresight on a distant target. 

We’ve considered briefly and in a general 
way the principles of boresighting. Now let’s 
look at the equipment that's used in boresight¬ 
ing. The main item is the boresight. 


CENTERLINE OF GUN 



55.312 

Figure 15-7.—Tramming a 5”/38 Single Mount In Elevation and Train. 
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The boresight is an optical instrument for 
establishing the axis of the bore of a gun and 
for sighting along it. There are two main types. 

Breech-bar Boresights 

In this type, a boresight telescope is mounted 
in the center of the gun breech by use of an 
adapter, and is lined up with the gun axis 
by sighting on a device mounted in the muzzle. 
Three kinds of boresight telescope for breech- 
bar boresights are now in use in the Navy — the 
Mk 8 Mod 6, and the Mk 75 Mods 0 and 1. Any 
of the three can be used in any breech-bar 
boresight. The other components of each breech- 
bar boresight can, however, be used only with 
the weapon for which they are intended. Only 
the telescopes are freely interchangeable. Fig¬ 
ure 15-6 shows a breech-bar boresight installed 
in the breech of an 8-inch bag-type gun. 

Boresights With 
Self-contained Optics 

This class includes a variety of boresights. 
The feature common to most of them is that, 
when installed, they convert the entire gun barrel 
into a boresight. Some have no lenses —they 
consist merely of crosshairs in an adapter at 
the muzzle and a small peephole (for instance, 
a little hole drilled in the center of the base 
of a cartridge case) at the breech, the line of 
sight, as it runs through the peep-hole and the 
intersection of the crosshairs, coincides with 
the bore axis. Other boresights have optical 
lenses in adapters that mount at breech and 
muzzle; thus the gun barrel becomes, in effect 
a giant telescope. 

TRAMMING 

Tramming is the procedure for verifying 
train and elevation dial accuracy on gun mounts 
and turrets. 

When you measure gun elevation and train, 
you specify the angle in degrees and minutes 
between the axis of the boar and: 

1. A plane parallel to the roller path of 
the director (for elevation angle). 

2. A plane through the centerline of the ship 
and perpendicular to the plane of the di¬ 
rector roller path (for train angle). 

This may sound complicated, but if you 
remember the chapter on fire control earlier 


in this course, you'll find it easier than it 
sounds. 

To make train and elevation angle measure¬ 
ments accurate, gun mounts and turrets must 
be very carefully aligned when they are in¬ 
stalled. To keep such measurements accurate, 
the Gunner's Mate checks the dials on his 
mount that register angle of train and elevation 
with the actual position of the mount by means 
of a tram and tram blocks. 

The basic idea of tramming is to position 
the gun at a known angle of elevation or train 
(depending on which you're checking), then see 
that the elevation-angle or train-angle dials 
register exactly the angle the mount is elevated 
or trained to. There is only one elevation angle 
and one train angle at which any mount can be 
trammed. These angles are recorded in the bat¬ 
tery or mount log. 

Tram blocks are steel blocks welded or 
bolted to the mount in pairs, one pair for 
tramming in elevation, and the other for tram¬ 
ming in train. As you can see in figure 15-7 
one of the pair of blocks for checking elevation 
is welded to a part of the mount that elevates 
(the slide weldment); the other is welded to a 
part that does NOT move in elevation (the car¬ 
riage cheek). Similarly, one of the pair for 
tramming in train is welded to a part that moves 
in train (the base ring), and the other to a 
stationary part (the stand) secured to the deck. 

A typical tram block for a 5"/38 mount is 
shown in cross section in figure 15-8. Imbedded 



BLOCK 



84.285 

Figure 15-8.—Tram, Tram Gage, and Tram 
Block (detail). 
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in the block is a short steel pin whose outer 
end is cupped to take the tram. The tram 
block face is covered with a metal cap and 
packed with grease to prevent corrosion. The 
block is uncovered only for tramming, and is 
repacked when the cover is replaced. 

The tram bar itself has two rounded ends. One 
is part of the body or barrel, but the other is 
part of the spring-loaded sleeve or rod that can 
move within the barrel. A small window-like 
hole in the barrel has an index line scribed 
across it. A line scribed on the sleeve can be 
matched up with the barrel index line by moving 
the sleeve in the barrel. 

When not in use, the tram is kep stowed in 
its container with a tram gage. The tram fits 
between the cupped ends of the gage. When it 
is in the gage, the scribe marks on barrel and 
sleeve should line up exactly. This verifies 
that the tram is the right length. 

Here are the main steps for tramming in 
train: 

1. Remove the tram from the gae, first 
checking to be sure that the gage indicates the 
tram is OK. 

2. Set the mount parallax indicator (if any) 
at zero. Train the gun until the train-angle 
indicator shows that the mount is at the approxi¬ 
mate train angle for tramming. The value of the 
angle may vary for different mounts. You should 
be able to find the exact value of the angle 
entered in the battery log, or it may be in¬ 
scribed on the tram blocks themselves. 

3. Uncover the tram blocks for tramming 
in train. Clean away excess grease and seat 
the ends of the tram firmly in the pins of the 
blocks. Train the mount if necessary to do this. 

4. With the tram ends seated, train the mount 
carefully in manual to compress the tram until 
the scribe marks on barrel and sleeve line up 
exactly. The mount is now trammed in train. 

This step sounds easy, but requires caution. 
If the tram hasn't been properly seated in the 
blocks, or if the gun isn't moved carefully 
while the tram is in place, the tram can snap 


out with enough force to cause injury. Don't 
let it happen to you. This caution applies to 
tramming in elevation as well as in train. 

5. Take a reading on the train-angle in¬ 
dicator dial. It should agree exactly with the 
value you were given in step 2 above. If it does 
not, the indicator needs adjustment. The ad¬ 
justment procedure varies with different mounts, 
and is not described here. 

Tramming in elevation is similar to tram¬ 
ming in train. However, on mounts equipped 
with roller path compensators, you'll have to 
train the gun to a point at which roller path 
compensation is zero. There are in theory 
two such zero points in the roller path of every 
mount, but many mounts that cannot train a 
full 360° will actually have only one usable 
point of zero compensation. The exact train 
angle at which the point is located should be 
recorded in the fire-control log. Your gunnery 
officer or chief can tell you what it is, or show 
you how to read the roller path compensator 
so that you can find it yourself. 

Once you've trained the mount to the correct 
angle, the procedure in elevation is similar to 
the one for tramming in train, except that you 
use the elevation tram blocks, controls, and 
angle indicator. The same tram is used in both 
cases. 

In tramming, a crew of two is enough—one 
man at the controls one at the tram. 

The tram and tram blocks pictured in fig¬ 
ures 15-7 and 15-8 are the type you will most 
often come across. Older mounts may have 
tram marks instead of blocks, and a one-piece 
nonadjustable tram with accurately machined 
points that you register with the marks when 
the mount is trammed. 

Tramming to check the accuracy of train 
and elevation indicators is your responsibility 
as a Gunner's Mate. Tramming is used also in 
director checking and in aligning sights. In 
these jobs you work with your chief and with 
Fire Control Technicians but the essential tram¬ 
ming operation remains the same. 
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